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PREFACE 


This  volume  is  the  result  of  the  delivery  at  the  Royal 
College  of  Physicians  of  London,  in  1933  and  1934,  of  the 
Fitzpatrick  lectures  on  the  History  of  the  Endocrine 
Organs.  Under  the  terms  of  this  trust,  which  dates  from 
1901,  The  lectures  are  to  be  printed  and  published  in  a 
separate  book.5  This  opportunity  has  now  been  taken  to 
expand  considerably  the  necessarily  condensed  character 
of  the  four  lectures  by  the  inclusion  of  accounts  of  the 
anatomy,  physiology,  and  diseases  of  the  endocrine  organs. 
The  lectureship  is  devoted  to  4  The  History  of  Medicine 5 
without  any  restriction  as  to  the  period — ancient,  me¬ 
dieval,  or  modern — to  be  considered.  Although  there 
has  probably  never  been  any  preconceived  plan  about  the 
series  of  lectures,  the  subjects  chosen  by  the  lecturers 
have  naturally  concentrated  more  on  the  ancient  than 
on  the  modern  historical  aspects.  An  attraction  in  the 
study  of  history  is  the  application  of  its  lessons  to  the 
present  and  the  future.  The  limitations  of  what  may  be 
justly  called  history  are  ever  moving  forward,  and  a 
record  of  advances  and  ideas  at  any  one  time  may  prove 
useful  to  the  future  historian.  While  paying,  it  is  hoped, 
due  attention  to  the  more  remote  history  of  endocrinology, 
an  attempt  has  here  been  made  to  sketch  the  present  know¬ 
ledge  on  a  subject  in  a  most  active  stage  of  growth.  Such 
an  attempt  to  combine  adequately  the  past  history  with 
the  present  position  of  knowledge  is  extremely  difficult ; 
for  this  enormous  subject  is  advancing  rapidly,  new  facts 
and  hypotheses  succeed  each  other  in  a  constant  stream, 
and  recently  endocrinology  has  received  most  valuable 
help  from  organic  chemists  who  have  devoted  much  time 
to  the  elucidation  of  the  structure,  isolation,  and  synthesis 
of  the  hormones. 

It  is  a  pleasure  to  express  sincere  gratitude  for  much 
help  most  willingly  given  by  those  in  charge  of  the  libraries 
of  the  Royal  Colleges  of  Physicians  and  of  Surgeons,  and  of 
the  Royal  Society  of  Medicine  in  London.  It  is  hoped 
that  due  acknowledgements  have  been  made  in  the  text ; 
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but  it  would  be  difficult  to  exaggerate  the  debt  due  to  the 
works  of  the  late  F.  H.  Garrison,  Professor  Harvey  Gushing, 
Dr.  F.  R.  B.  Atkinson,  Dr.  C.  R.  Harington,  and  the  con¬ 
temporary  summaries  of  endocrinology  by  A.  T.  Cameron 
(1935)  and  H.  Zondek  (1935). 
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CHAPTER  I 

INTRODUCTION  AND  EARLY  HISTORY 


The  endocrine  organs,  which  as  such  are  limited  to  the  vertebrates, 
share  with  the  nervous  system  in  the  control  of  the  body,  especially 
as  concerns  vegetative  life,  through  the  autonomic  system,1  and  are 
largely  responsible  for  conception,  birth,  foetal  and  subsequent  growth, 
sexual  functions,  and  metabolism. 

Knowledge  of  endocrinology  is  expanding  with  extreme  rapidity, 
and  it  has  been  suggested  that  in  this  respect  it  would  appear  to  be 
itself  influenced  by  a  growth  hormone  (Means,  1935).  Before  1890 
there  were  comparatively  few  publications  dealing  with  the  ductless 
glands,  but  in  1913  A.  Biedl’s  book  Die  innere  Sekretion  contained  a 
bibliography  of  no  less  than  256  pages  and  references  to  about  8,500 
articles,  and  by  1925  there  were  more  than  3,000  articles  published 
every  year  (Abel).  In  1917  a  special  journal  Endocrinology ,  the 
Bulletin  of  the  Association  for  the  Study  of  the  Internal  Secretions , 
appeared  at  Los  Angeles.  The  Revue  frangaise  d’ endocrinologie  began 
in  1923,  the  German  Endokrinologie,  edited  by  A.  Biedl  of  Prag  and 
Leon  Asher  of  Berne,  started  in  1928,  and  the  Italian  Endocrinologia 
e  patologia  costituzionale,  Roma,  in  1922. 

The  realization  in  this  century  of  hormones  or  chemical  messengers 
and,  later,  of  vitamins  and  the  knowledge  of  their  well-marked  effects, 
even  in  very  small  quantities,  have,  together  with  the  rise  of  the  science 
of  pharmacology,  neutralized  the  attitude  of  philosophical  doubt, 
sometimes  called  therapeutic  nihilism,  which  characterized  many 
thoughtful  medical  men  in  the  second  half  of  the  last  century. 

Nomenclature.  The  term  'internal  secretion’  was  first  employed 
by  Claude  Bernard  (1813-78) ;  in  a  lecture  on  January  9,  1855,  at  the 
College  de  France,  he  said  that  the  liver  has  an  external  secretion  of 
bile  and  an  internal  secretion  of  sugar  which  passes  directly  into  the 
general  circulation ;  in  1859  he  instanced  as  glands  with  an  exclusively 
internal  secretion:  the  spleen,  adrenals,  thyroid,  lymphatic  glands, 
and  described  the  blood  as  made  up  of  the  various  internal  secretions. 
After  their  discovery  of  secretin  in  1902  William  Bayliss  (1860- 
1924)  and  E.  H.  Starling  (1866-1927)  felt  that  the  term  'internal 
secretions’  did  not  fully  emphasize  the  nature  of  a  chemical  sub¬ 
stance  produced  in  one  part  of  the  body  and  carried  by  the  blood  or 
lymphatic  vessels  to  other  parts  where  it  produces  changes  in  the 
organism  as  a  whole.  They  cast  about  for  a  suitable  label  to  convey 

1  The  word  ‘autonomic’  was  invented  by  R.  C.  Jebb  (1841-1905)  for  J.  N. 
Langley  ( Journ .  Physiol.,  Lond.,  1898-9,  xxiii.  241). 
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this  meaning,  and  eventually  the  word  ‘  hormone 5  was  suggested  by 
William  B.  Hardy  (1864-1934)  after  consulting  W.  T.  Vesey  (1854- 
1935) ,  his  classical  colleague  at  Caius  College,  Cambridge.  Starling  used 
it  in  June  1905  in  his  Croonian  lectures  at  the  Royal  College  of  Physi¬ 
cians  on  the  ‘Chemical  Correlation  of  the  Functions  of  the  Body’, 
and  subsequently  in  two  addresses  given  in  Germany  ;  his  words  on 
the  first  occasion  were:  ‘these  chemical  messengers,  however,  or  hor¬ 
mones  (from  opfiacj  =  I  excito  or  arouse)  as  we  may  call  them.  The 
word  ‘hormetic’,  long  forgotten,  with  a  similar  derivation  and  mean¬ 
ing  (  opfirjrLKos  =  with  the  property  of  stimulating)  was  used  in  1666 
in  r^poKo^ia  BaGiXiKTj :  King  Solomon's  Portraiture  of  Old  Age  (p.  62) 
by  John  Smith  (1630-79),  D.M.  (1659)  of  Brasenose  College,  Oxford, 
and  a  fellow  of  the  Royal  College  of  Physicians  of  London,  who  wrote 
of  the  ‘hormetick  power  and  contraction’  of  the  muscles.  The  word 
‘hormone’,  which  has  now  been  generally  adopted,  was  at  first 
criticized  because  by  its  derivation  it  should  apply  only  to  those 
internal  secretions  with  a  stimulating  action,  whereas  not  only  are 
some  internal  secretions  depressant  but  some,  for  example  adrenaline, 
stimulate  some  tissues  of  the  body  and  depress  others.  Biedl  divided 
hormones  into  excitory  and  inhibitory.  Schafer  ( 1 850-1 93o),  in  1916, 
pointed  out  that  if  the  slightly  altered  designation  hermone  {'EP[irjs= 
Mercury)  had  been  adopted  for  these  ‘chemical  messengers’,  Bayliss 
and  Starling’s  alternative  title,  the  ambiguity  of  the  word  ‘  hormone  ’ 
would  have  been  avoided ;  Schafer,  in  1913,  had  suggested  the  title 
‘  chalones  ’  (yaAdca  =  I  loosen)  for  the  internal  secretions  exerting  an 
inhibitory  action,  and  confined  the  name  hormone  to  those  with  a 
stimulating  effect.  He  realized  that  this  would  necessitate  a  com¬ 
prehensive  word  to  include  them  both,  and  therefore,  with  Professor 
W.  R.  Wardle’s  assistance,  proposed  with  this  object  the  title 

‘autacoid’  (a vtos  =  self,  d«ro?  a  remedy). 

For  those  hormones  (of  the  interstitial  cells  of  the  testis,  the  corpus 
luteum,  the  thyroid,  and  the  pituitary)  which  are  morphogenetic  and 
slowly  influence  growth  and  nutrition,  Eugene  Gley  (1857-1930),  also 
at  the  International  Congress  of  Medicine  in  London  (1913),  suggested 
the  term  ‘harmozones’  (dp/xo£a>  =  I  regulate) ;  for  substances  such  as 
C02,  which  are  products  of  metabolism  but  act  like  hormones  m  that 
they  modify  the  activities  of  distant  parts  of  the  body ,  he  proposed 
the  name  ‘parhormones ’. 

Edward  Albert  Schafer  was  born  on  June  2,  1850,  m  London  as  the 
son  of  J.  W.  H.  Schafer,  a  merchant,  of  Hamburg  and  Highgate. 
Educated  at  University  College,  he  came  in  1868  under  the  influence 
of  William  Sharpey  (1802-80)  whose  name  he  added  to  his  own  m 
1918  to  show  that  he  was  English  by  birth  and  sympathies.  (He  hac 
lost  two  sons  killed  in  the  Great  War,  one  a  Captain  of  a  ‘Q’  ship.)  He 
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qualified  M.R.C.S.  in  1874,  having  two  years  earlier  published  his  first 
paper,  on  the  phenomena  of  coagulation  of  the  frog’s  blood ;  he  first 
specialized  in  histology,  his  Essentials  of  Histology ,  originally  coming 
out  in  May  1885,  passed  into  its  thirteenth  edition  forty -nine  years 
later.  His  work  on  the  endocrine  glands  began  in  the  nineties  of  the 
last  century  with  his  association  with  George  Oliver,  who  was  a  practi¬ 
tioner  in  Harrogate  for  part  of  the  year,  much  interested  in  blood- 
pressure,  and  worked  in  London  during  the  rest  of  the  year.  When 
Sir  John  Burdon-Sanderson  went  to  Oxford  as  professor  of  physiology 
in  1883,  Schafer,  who  had  been  assistant  professor  since  1874,  became 
Jodrell  professor  at  University  College,  and  held  this  chair  until  1899 
when  he  was  elected  to  the  chair  of  physiology  at  Edinburgh,  which  he 
occupied  for  thirty-four  years.  He  edited  an  Advanced  Text-book  of 
Physiology  (2  vols.,  1898-1900),  wrote  a  handbook  of  Experimental 
Physiology,  the  History  of  the  Physiological  Society  (1876-1926)  on 
its  Jubilee,  and  the  Endocrine  Organs  (1916;  1924-6).  In  1908  he 
started  the  Quarterly  Journal  of  Experimented  Physiology  and  edited 
it  until  1933,  when  on  his  retirement  a  volume  was  dedicated  to  him. 
He  was  president  of  the  British  Association  in  1912,  of  the  Interna¬ 
tional  Congress  of  Physiology  in  1923,  and  was  knighted  in  1913 ;  his 
numerous  activities  made  his  reputation  world -wide. 

Inhibitory  Principles  or  Anti -hormones.  In  animals  and  in 
man  it  has  been  found  that  after  repeated  injections  of  hormones  the 
reaction  gradually  diminishes  and  disappears.  Loeb  among  others 
noticed  this.  Aron  (1931)  postulated  that  excess  of  thyroid  secretion 
inhibited  the  secretion  of  the  thyrotropic  hormone  of  the  anterior 
pituitary.  This  was  confirmed  by  Houssay,  Biasotti,  and  Magdalena 
(1932).  Collip  and  Anderson  (1934)  further  investigated  the  effect  of 
frequently  repeated  injections  of  the  pituitary  thyrotropic  hormone, 
and  found  that  the  blood  of  the  non -reacting  animals  contained  an 
inhibitory  principle  or  anti-hormone  which,  when  injected  into  normal 
animals,  made  them  non-reacting.  The  inhibitory  principle  was  con¬ 
sidered  to  be  present  normally,  though  masked,  and  not  to  be  an 
antibody ;  in  connexion  with  this  view  it  is  known  that  some  human 
beings  and  untreated  animals  have  the  idiosyncrasy  of  not  responding 
in  the  ordinary  way  to  large  doses  of  some  hormones,  for  example 
thyroid.  Collip  and  Anderson,  who  prepared  this  anti-thyrotropic 
substance  from  the  serum  of  a  horse,  came  to  the  conclusion  that  it 
was  not  formed  in  the  pituitary,  did  not  antagonize  thyroxine,  and 
was  quite  different  from  the  lipoid-soluble  antithyroidin,  extracted  by 
Anselmino  and  Hoffmann  (1933 )  from  the  normal  thyroid,  which  when 
taken  by  the  mouth  inhibited  the  action  of  thyroxine.  In  connexion 
with  the  inverse  response  Collip  and  Anderson  insisted  that  ‘the 
responsiveness  of  an  individual  to  a  hormone  varies  inversely  with 
the  hormone  content  or  production  of  the  individual’s  own  gland’. 
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Scowen  and  Spence  (1934)  and  Kippen  and  Loeb  (1935)  confirmed 

these  views. 

The  words  'endocrine’  (eVS ov  =  within  and  Kpivoo  =  I  separate) 
and  'endocrinology’  have  come  into  use  during  this  century,  and 
have  the  advantage  of  not  necessarily  including  the  spleen,  thymus, 
and  lymphatic  glands,  which  are  also  ductless  glands.  Pende  em¬ 
ployed  the  word  'endocrinology’  in  1909,  and  in  1913  L.  Levi  wrote 
a  paper  'Glandes  a  secretion  interne  et  morphologie  (d’apres  l’endo- 
crinologie  de  Pende)’.  In  1917  Blair  Bell  (1871-1936)  criticized  the 
construction  of  the  adjective  endocrine  ,  and  suggested  the  words 
'  hormopoiesis  ’  for  the  process  and  '  hormopoietic  ’  for  the  hormone- 
producing  glands;  in  1914  W.  S.  Halsted  (1852-1922)  incidentally 
spoke  of  hormonopoietic  organs.  The  earliest  use  of  the  word 
'endocrinic’  in  this  country  was  in  February  1914  by  F.  G.  Crook- 
shank  (1873-1933).  For  the  endocrine  glands  and  their  secretions 
there  have  been  suggested  the  abbreviations  '  incretory  ’  and  1  incre- 
tions’  which  Sharpey- Schafer  (1924)  criticized  as  ‘scarcely  happy  ’. 
Haller  (1708-77)  in  1766  had  spoken  of  the  ductless  glands  which  in 
the  first  half  of  the  nineteenth  century  were  commonly  known  as 
vascular  or  blood  glands  from  the  belief  that  in  some  way  they 
modified  the  blood,  a  name  still  justified  by  their  rich  blood-supply. 

Anderson,  M.  E.,  and  Collip,  J.  B Lancet,  1934,  i.  784;  Anselmino,  K.  J., 
und  Hoffmann,  F.,  Klin.  Wchnschr.,  1933,  xii.  99 ;  Aron,  M.,  Compt.  rend.  Soc. 
biol.,  Paris,  1931,  cvii.  64;  Bayliss,  W.  M.,  and  Starling,  E.  H.,  Journ. 
Physiol.,  1902,  xxviii.  325;  Bell,  W.  B.,  Lancet,  1917,  i.  33;  Bernard,  C. 
Legons  de  physiologic  experimental,  Paris,  1855,  p.  100;  idem,  Logons  sur  les 
proprietes  physiologiques  et  les  alterations  pathologiques  des  liquides  de  V organisme, 
1859,  ii.  441;  Collip,  J.  B.,  Ann.  Int.  Med.,  Lancaster,  Pa.,  1934,  xii.  10; 
Collip,  J.  B.,  and  Anderson,  M.  E.,  Lancet,  1934,  i.  /6,  784;  Crookshank, 
F.  G.,  Brit.  Med.  Journ.,  1914, i.  369 ;  Gley,E.,  Trans.  Internat.  Congr.  Medicine, 
Lond.,  1913,  Sect.  VI,  Medicine,  parti.  75 ;  Halsted,  W.  S.,  The  Harvey  Lectures, 
XQIS-M,  Phila.,  p.  225;  Houssay,  Biasotti,  et  Magdalena,  Compt.  rend. 
Soc.  biol.,  Paris,  1932,  cx,  834;  Kippen,  A.  A.,  and  Loeb,  L.,  Journ.  Pharmacol, 
and  Exper.  Therap.,  Baltimore,  1935,  liv.  246;  Levi,  L.,  Rev.  anthropol.,  Pans, 
1913,  xxviii.  277;  Loeb,  L.,  Ann.  Int.  Med.,  Lancaster,  Pa.,  1935,  xiv.  13; 
Means,  J.  H.,  Internal  Medicine  (J.  H.  Musser),  Lond.,  1935,  p.  806;  Pende,  N., 
Tommasi,  Napoli,  1909,  iv.  732;  idem,  Endocrinologia,  patol-ogica  e  clinica, 
Milano,  1916;  Schafer,  E.  A.,  Brit.  Med.  Journ.,  1913,  ii.  380;  idem,  The 
Endocrine  Organs,  Lond.,  1916,  p.  6;  ibid.,  1924,  p.  3;  Scowen,  E.  F.,  and 
Spence,  A.  W.,  Brit.  Med.  Journ.,  1934,  ii.  805;  Starling,  E.  H.,  Lancet, 

1905,  ii.  340. 

Organotherapy .  What  may  correctly  be  called  endocrinology  is 
comparatively  modern,  whereas  the  administration  with  medical 
intent  of  some  substance  of  the  body,  or  organotherapy,  which  when 
altered  to  the  administration  of  extracts  L.  Landouzy  (1845-1917)  in 
1898  called  opotherapy  (07709  =  juice,  Oeparreia  —  treatment),  is  very 
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ancient.  Among  primitive  races  the  eating  of  viscera,  especially  the 
heart,  liver,  and  brain,  was  common.  This  practice  is  believed  to 
have  arisen  from  totemism — a  form  of  worship  of  a  species  of  animal 
or  vegetable.  The  totem  animal  or  vegetable  is  intimately  linked  with 
the  life  of  the  individual  member,  the  sexes,  or,  and  most  often,  the 
whole  of  the  tribe.  In  the  island  of  Wetar,  between  New  Guinea  and 
the  Celebes,  the  inhabitants  believe  that  they  are  variously  descended 
from  wild  pigs,  serpents,  crocodiles,  turtles,  dogs,  or  cats  (Frazer). 
The  individual  must  not  eat  the  totem  animal  or  vegetable  from 
which  he  is  descended,  and  the  totem  animal  or  vegetable  is  as  sacred 
as,  and  no  more  to  be  killed  or  eaten  than,  a  member  of  the  tribe  ;  if 
the  totem  is  killed  accidentally  or  otherwise,  the  individual  or  tribe 
with  which  the  totem  is  connected  will  suffer  the  same  fate. 

Totemism  is  a  derivative  of  animism  (the  doctrine  that  the  pheno¬ 
mena  of  animal  life  are  produced  by  an  immaterial  anima  or  soul) 
and  with  taboos  (=  sacer,  withdrawn  from  ordinary  use)  constitutes 
the  essential  basis  of  religion  and  mythology  (Reinach).  On  special 
occasions,  however,  the  tribe  ritually  eats  its  totem  (communion)  in 
order  to  acquire  its  physical,  mental,  and  moral  characters  and  thus 
to  be  preserved  from  degeneration.  In  time  these  religious  feasts 
became  banquets,  the  sanctity  of  totem  animals  and  vegetables  be¬ 
came  less  important,  and  some  of  them  were  used  medicinally ;  snakes 
were  utilized  later,  for  example  viper’s  flesh  was  added  to  the  Mithri- 
datium  in  Nero’s  reign,  as  an  antidote  against  poisons.  The  practice 
of  medical  cannibalism  is  illustrated  by  the  Chippewa  mothers  who 
fed  their  children  with  the  blood  and  flesh  of  English  prisoners  to 
make  them  warriors.  The  heart  of  an  enemy  killed  in  battle  was 
eaten  to  annex  his  bravery,  a  fate  which  befell  the  Highlanders  of  the 
42nd  Regiment  during  the  Ashanti  campaign  of  .1873  (Davies), 
perhaps  an  unconscious  anticipation  of  the  recently  described  cardiac 
hormones  (Dixon,  1906;  Loewi,  1921;  Demoor,  1922).  Similarly 
worms  and  maggots,  as  they  developed  in  dead  bodies  and  were 
assumed  to  acquire  the  qualities  of  the  individuals  they  fed  on,  were 
employed  as  remedies. 

The  ancient  Egyptians,  Arabians,  and  Chinese  employed  the  blood, 
secretions,  and  excretions  as  drugs  ;  the  Egyptians  prescribed  splenic 
preparations  for  diseases  of  that  organ,  heart  for  cardiac  conditions 
and  so  forth.  The  Pen  Ts'ao  (Herbal  of  the  Chinese  Pharmacopoeia, 
1596),  based,  it  is  said,  on  the  recommendations  of  the  Emperor  Shen 
Nung  who  flourished  twenty-seven  centuries  before  Christ,  contained 
many  organic  remedies  such  as  toad’s  skin  for  dropsy  (for  which  a 
physiological  justification  has  recently  been  found),  hen’s  gizzard  for 
gastric  disorder,  and  the  semen  of  young  men  for  weakness.  Pliny 
the  elder  (a.d.  23-79)  in  his  Natural  History  tabulated  the  use  of  more 
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than  250  remedies  of  human  and  animal  origin ;  also  in  the-  first 
century  a.d.  Pedanius  Dioscorides,  the  father  of  materia  medica, 
recommended  in  his  second  book  hare’s  brains  for  nervous  diseases, 
wolf’s  liver  for  hepatitis,  and  the  testes  of  the  cock  as  an  aphrodisiac. 
Claudius  Galen  (130-200)  gave  the  coagulated  blood  of  kids  for 
haemoptysis,  and  dried  brain  of  the  camel  or  weasel  or  the  powder  of 
a  human  skull  for  epilepsy.  But  often  there  was  not  any  obvious 
correlation  between  the  part  of  the  body  thought  to  be  affected  and 
the  animal  substance  employed  as  the  remedy.  Thus  mice  have 
been  employed  as  medicine,  as  W.  R.  Dawson  has  shown  in  an  ex¬ 
tensive  study,  for  sixty  centuries  and  for  very  different  conditions. 
In  Egypt  they  were  used  for  children  in  extremis ;  the  origin  of  this 
custom  is  far  from  clear,  but  it  has  been  suggested  that  as  the 
numbers  of  mice  that  appeared  after  the  subsidence  of  the  Nile  floods 
were  ascribed  to  spontaneous  generation,  mice,  originally  sacred, 
may  therefore  have  been  thought  to  have  life-giving  qualities.  As  a 
corollary  of  the  fables  of  their  origin,  it  has  been  thought  that  the 
word  mus  is  derived  from  humus  (earth).  Mice  were  also  used  in 
ancient  Egypt  for  rheumatism ;  Pliny  mentioned  many  therapeutic 
applications  of  mice,  and  Dioscorides  also  employed  them  for  the 
stings  of  serpents.  Avicenna  (980-1037  ?)  recommended  them  as  an 
antidote  to  poisoning  by  monkshood  on  the  ground  that  they  fed  on 
it.  As  so  often  happens,  the  ideas  of  the  profession  survive  in  the  lay 
public  long  after  they  have  been  abandoned  in  orthodox  practice ; 
thus  Dawson  refers  to  skinned  mice  as  a  domestic  remedy  for  whoop¬ 
ing  cough  in  Norfolk  and  Suffolk  as  recently  as  1929. 

After  the  death  of  Galen  (c.  a.d.  200)  European  medicine  ceased  to 
progress  and  began  to  degenerate,  and  with  the  fall  of  Rome  the 
darkness  of  the  Middle  Ages  descended  like  a  pall  over  knowledge  of 
every  kind.  After  Mohammed’s  armies  had  overrun  the  Eastern 
world  (a.d.  620-50)  they  turned  to  science  and  medicine,  and  the 
Arabians  brought  back  Greek  medicine  by  making  translations  of 
Hippocrates,  Galen,  Oribasius,  Rufus  of  Ephesus,  and  Paul  of  Aegina. 
Johannes  Mesue  the  elder  (777-837),  also  known  as  Janus  Damas- 
cenus  and  physician  to  Harunu-r-Raslnd  in  the  Arabian  Nights  Tales, 
translated  Greek,  Syrian,  and  Persian  texts  and  wrote  aphorisms 
which,  in  their  Latin  form,  were  known  as  Selecta  Artis  J\1 edicinae , 
he  used  orchitic  extracts  as  an  aphrodisiac  and,  as  Brown-Sequard 
did  in  1891,  for  pulmonary  tuberculosis;  brain  substance  for  epi¬ 
lepsy,  mania,  and  melancholia  ;  wolf  sliver  tor  hepatic  disorders  ,  stag  s 
and  pig’s  kidneys  for  renal  disease ;  lung  substance  for  pulmonary 
affections,  and  especially  the  lung  of  the  long-winded  fox  for  those 
short  of  breath.  Zulus  in  order  to  attain  long  life  eat  the  flesh  of 
long-lived  animals  (Callaway,  1868),  thus  recalling  Medea’s  addition 
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of  the  flesh  of  long-lived  deer  and  crows  to  the  seething  cauldron 
brewing  the  elixir  to  rejuvenate  Aeson.  Rhazes  (850-932),  Avicenna, 
Albucasis  (1013-1106),  and  the  school  of  Salerno  followed  the  example 
of  Mesne,  and  Albertus  Magnus  (?  1193-1280)  lecturing  in  Paris 
recommended  powdered  testes  of  a  hog  in  wine  for  men  of  poor 
sexual  power  and  the  uterus  of  a  hare  similarly  prepared  to  render 
women  fertile.  Gilbert  the  Englishman,  who  flourished  about  1250 
and  was  one  of  the  first  English  writers  on  medicine,  gave  a  prescrip¬ 
tion  for  apoplexy  containing  ants’  eggs,  oil  of  scorpions,  and  lion’s 
flesh,  wdiich  is  an  example  of  the  character  of  many  ancient  remedies, 
namely,  the  difficulty  the  ordinary  person  would  have  in  obtaining 
the  ingredients.  Guy  de  Chauliac  (1300-68),  surgeon  to  the  popes  at 
Avignon,  often  mentioned  animal  preparations  and  prescribed 
mummy.  Paracelsus  (1493-1541),  Jean"  Fernel  (1506-88),  and 
Jerome  Cardan  (1501-76)  followed  in  much  the  same  lines.  Thomas 
Vicary  (1490?-1561)  expressed  the  rationale  of  substitution  treat¬ 
ment  as  follows :  ‘  in  what  part  of  the  body  the  faculty  which  you  would 
strengthen  lies,  take  the  same  part  of  the  body  of  another  creature  in 
whom  the  faculty  is  strong,  as  a  medicine’.  Dana  (1852-1935)  in 
1925  gave  the  title  of  ‘  the  author  of  opotherapy  and  endocrinology  ’  to 
Jean  Ursinus,  a  French  doctor-poet,  on  account  of  his  Prosopopoeia 
Animalium  aliquot ,  published  in  1541  at  Vienne  (Dauphine),  an 
elegiac  poem  describing  the  medicinal  uses  of  seventy-five  animal 
preparations ;  Ursinus  thus  preceded  by  more  than  a  century  that 
remarkable  character  Johann  Joachim  Becher  (1635-82),  whose 
‘animal,  vegetable,  and  mineral’  poem  Parnassus  medicinalis  illus- 
tratus  (1662-3),  written  in  the  style  of  the  Regimen  Sanitatis  of 
Salerno,  but  both  in  verse  and  prose,  contained  references  to  sixty- 
five  substances  obtained  from  the  bodies  of  animals  and  man 
(twenty-four  being  human)  of  use  in  medical  practice. 

Johann  Joachim  Becher  (1635-82)  had  an  adventurer’s  wandering 
career.  Born  at  Spire  in  Germany  and  desperately  poor  in  early  life, 
he  worked  intensely  hard  and  was  rewarded  by  the  appointment  of 
professor  of  medicine  and  physician  to  the  Court  at  Mayence  in  1666; 
he,  however,  soon  moved  to  Munich,  and  later  to  Vienna ;  and  after 
quarrelling  there,  as  he  had  done  at  Munich,  he  took  refuge  in  1678  at 
Haarlem  in  Holland.  There  he  repeated  the  tactics  pursued  at  Vienna 
and  Munich  of  proposing  industrial  and  financial  schemes  to  the  muni¬ 
cipal  and  governing  bodies,  promising  but  not  producing  extraordinary 
profits.  In  Holland  he  put  forward  an  invention  for  obtaining  gold 
from  the  sand  of  the  dunes  and,  after  its  failure,  moved  in  1680  to 
Great  Britain,  where  he  approached  the  Government  with  a  plan 
intended  to  put  the  Cornish  mines  on  their  feet ;  but  before  anything 
was  settled  he  accepted  an  offer  from  the  Duke  of  Mecklenburg,  and 
died  prematurely  in  Germany,  not  in  London,  as  has  sometimes  been 
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stated.  In  spite  of  these  traits  he  was  far  from  being  a  mere  charlatan ; 
he  was  a  distinguished  chemist,  making  a  number  of  discoveries  and 
generalizations,  among  them  the  phlogiston  theory  which  O.  E.  Stahl 
(1660-1734)  subsequently  developed.  He  was  a  prolific  author;  his 
Parnassus  Medicinalis  contained  nearly  a  thousand  pages  and  more 
than  twelve  hundred  figures.  His  abilities  should  have  placed  him  in 
the  first  rank,  but  his  vanity  and  inability  to  get  on  with  others  pre¬ 
vented  him  from  attaining  permanent  success. 

Dana,  C.  L.,  Poetry  and  the  Doctors,  Woodstock,  Vermont,  1916,  p.  xvii; 
Dictionnaire  des  sciences  medicates :  Biographie  medicale,  Paris,  1820,  tome  fi, 
p.  87. 

Human  substances  became  favourite  remedies;  P.  A.  Mattioli 
(1501-77)  of  Siena  prescribed  human  skull  for  epilepsy  and  all  dis¬ 
eases  of  the  brain ;  Jean  Liebault  (ob.  1596)  of  Paris,  in  his  edition  of 
Gaspar  Wolf’s  (1525-1601)  Secrets  de  medecine  (1573),  advised  the  oil 
of  human  crania  for  epilepsy  and  that  of  human  bones  for  rheu¬ 
matism ;  and  G.  Rondelet  (1507—66)  of  Montpellier  is  said  to  have 
advocated  in  1560  the  dried  powder  of  the  placenta  to  procure  expul¬ 
sion  of  retained  membranes  after  delivery.  Human  mummy  was 
regarded  as  an  infallible  cure  for  many  diseases  by  Avicenna,  but  ac¬ 
cording  to  Dan  McKenzie  (1870-1935)  it  is  first  mentioned  in  the 
Circe  Instans  (1140)  of  Matthaeus  Platearius  junior  of  Salerno.  The 
remarkable  history  of  its  introduction  is  fully  given  by  W.  R.  Daw¬ 
son;  the  original  Persian  word  mumia  meant  bitumen  which  was 
extensively  used  in  medieval  medicine.  As  it  was  believed  to  have 
been  employed  in  embalming  bodies  in  Egypt,  its  name  and  the 
demand  for  it  were  transferred  to  the  corpses.  Paracelsus  (1493- 
1541)  vigorously  advocated,  it  as  possessing  universal  properties, 
and  it  became  a  popular  remedy  throughout  the  Middle  Ages  and 
after.  Sir  Thomas  Browne  (1605-82)  in  Hydriotaphia,  Urne  Burial 
(1658)  remarked:  ‘The  Egyptian  mummies,  which  Cambyses  or 
time  hath  spared,  avarice  new  consumeth.  Mummy  is  become  mer¬ 
chandise,  Mizraim  cures  wounds,  and  Pharaoh  is  sold  for  balsams.’ 
The  demand  led  to  the  fraudulent  manufacture  of  mummies  not 
only  in  Egypt  but  in  France  from  the  bodies  of  slaves  and  executed 
criminals.  Ambroise  Pare  (1510—90),  in  his  Discours ,  a  savoir,  de  la 
mumie  (1582),  showed  up  the  fallacy  of  this  superstition,  thus  arousing 
the  violent  opposition  of  the  whole  medical  faculty  of  Paris. 

In  his  fascinating  Hunted  through  Central  Asia  (1932)  P.  S.  Nazaroff 
gives  an  account  of  a  dark  brown  substance,  mumy  or  mumiya,  which 
oozes  out  of  crystalline  limestone  on  the  high  mountains  of  Turkestan 
and  becomes  hard  and  brittle  like  camphor.  The  natives  take  it  for 
its  marvellous  powers  of  repairing  broken  bones  and  stimulating 
vitality ;  ibex  also  are  very  fond  of  it.  Nazaroff  at  first  thought  that 
it  was  a  form  of  bitumen,  but  found  that  it  was  easily  and  entirely 
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soluble  in  water ;  he  added  that  ‘  it  is  not  yet  known  to  systematic 

science  ’. 

Ambroise  Pare,  probably  following  the  example  of  Bernard  Palissy 
(1520-89),  a  pioneer  of  natural  science,  but  not  a  medical  man, 
openly  expressed  his  scepticism  about  the  unicorn  horn  as  an  antidote 
for  poisons,  and  by  experiment  on  a  condemned  criminal  convinced 
Charles  IX  that  bezoar  stones  (animal  enteroliths,  especially  of  goats) 
were  equally  futile  for  this  purpose. 

Pharmacopoeias.  A  collection  of  medical  recipes,  the  Antido- 
tarium  Florentinum  (1498)  was  approved  by  the  medical  guild  of  that 
city ;  but  the  first  pharmacopoeia  sanctioned  by  civil  authority  was 
the  Pharmacorum  Conficiendorum  Ratio,  vulgo  vocant  Dispensatorium 
(1540),  drawn  up  by  the  short-lived  Valerius  Cordus  (1515-44)  and 
enjoined  by  the  authorities  of  Nuremberg  to  be  used  under  penalties 
by  all  the  dispensers  and  compounders  of  medicines  in  that  city. 
This  was  the  first  real  pharmacopoeia,  and  passed  through  thirty-five 
editions  and  eight  translations  (Garrison).  The  term  ‘ pharmacopoeia ’ 
was  not  employed  until  1560  in  the  Pharmacopoeia  in  compendium 
redacta,  Anvers,  1560,  by  Johannes  Placotonus  (ob.  1574),  whose  real 
name  was  Brettschneider ;  it  was  followed  a  year  later  by  the  Phar¬ 
macopoeia  medicamentorum,  quae  hodie  adpublica  medentium  munia  in 
ojficinis  extant,  Basil,  1561,  by  A.  Foesius  (1528-95). 

The  Pharmacopoeia  Londinensis,  of  which  there  were  ten  during  the 
period  1618-1851,  was  brought  out  by  the  Royal  College  of  Physicians 
of  London,  until  the  Medical  Act  of  1858  transferred  the  responsi¬ 
bility  for  the  British  Pharmacopoeia  to  the  General  Council  of  Medical 
Education  and  Registration  which  then  was  established.  The  first 
five  of  these  (1618,  1650,  1677,  1721,  and  1746)  contained  a  large 
number  of  nauseous  animal  substances,  recalling  the  contents  of  the 
witches’  cauldron  in  Macbeth  (1606).  The  first,  which  was  necessarily 
to  a  large  extent  a  compilation,  was  in  great  measure  a  reproduction 
of  the  Antidotarium  of  Mesue,  and  contained  some  prescriptions  of 
Gilbert  Anglicus  (ob.  1250)  and  ninety-one  animal  preparations. 
The  1668  edition  of  the  second  (1650)  pharmacopoeia  appeared  in 
duodecimo  and  in  its  Catalogus  Simplicium  included  the  fat  of  man, 
lion,  and  vulture,  hair,  blood,  urine,  and  the  curious  item  cranium 
humanum  violent e  morte  extinctum.  In  1702,  when  Censor  of  the  Royal 
College  of  Physicians  of  London,  Robert  Pitt  (1653-1713)  severely 
criticized  the  use  of  organic  preparations,  such  as  the  flesh  of  vipers, 
the  bone  of  the  heart  of  an  old  stag,  and  mummy.  For  its  first 
hundred  years  the  Pharmacopoeia  Londinensis  did  not  differ  much 
from  the  worst  on  the  Continent,  but  those  of  1721  and  1746  showed 
a  diminution  in  the  animal  preparations.  In  1745  William  Heberden 
(1710-1801)  the  elder  protested  in  a  pamphlet  of  nineteen  pages 
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’ AvTL0r)piaKa :  An  Essay  on  Mithridatium  and  Theriaca.  Forty-one 
years  later,  on  April  10,  1786,  at  a  Comitia  majora  of  the  Royal 
College  of  Physicians  of  London  at  which  there  were  present  Heber- 
den,  "the  president  Sir  George  Baker  (1722-1809),  who  had  been 
Heberden’s  pupil  at  Cambridge,  and  fourteen  fellows,  quite  an 
average  attendance  for  those  times,  it  was  decided  to  omit  the 
Mithridatium  and  the  Theriaca  Andromachi  from  the  forthcoming 
pharmacopoeia  (1788) ;  this  was  due  to  Heberden  s  influence. 

Nicholas  Culpeper  (1616-54),  the  astrologer  and  quack,  published 
in  1649  an  unauthorized  English  translation  of  the  Pharmacopoeia 
Londinensis ;  this  naturally  aroused  the  indignation  of  the  Royal 
College  of  Physicians  of  London,  which  was  reflected  in  the  Royalist 
periodical  Mercurius  Pragmaticus  (1649),  in  which  it  was  described 
as  ‘done  (very  filthily)  into  English  by  one  Nicholas  Culpeper  who 
‘commenced  the  several  degrees  of  Independency,  Brownisme,  Ana- 
baptisme’.  In  spite  or  because  of  this  it  went  through  several  editions, 
and  this  example  was  followed  by  William  Salmon  (1644-1713),  an 
advertising  adventurer,  prolific  author,  and  self-styled  professor  of 
physic’ ;  in  1676  he  translated  the  Pharmacopoeia  Londinensis  with 
the  sub-title  or  the  New  London  Dispensatory ,  although  he  had  not  any 
connexion  with  the  Royal  College  of  Physicians  of  London.  This 
work  contained  39  preparations  from  man,  including  those  of  the 
skull  and  heart  for  epilepsy,  nails,  hair,  semen,  and  urine  ;  there  were 
68  from  ‘beasts’,  among  them  wolf’s  liver  and  stag  s  horn,  and  96 

from  birds. 

The  death-bed  of  Charles  II,  February  2-6,  1685,  with  its  probable 
record  number  of  fourteen  medical  men  in  attendance  and  in  dis¬ 
agreement,  was  also  memorable  for  the  King  s  urbane  fortitude,  his 
dying  request  to  his  brother  1  Let  not  poor  Nelly  starve  ,  and  for 
his  apology  for  being  ‘  a  most  unconscionable  time  dying  .  During  his 
delay  in  crossing  the  bar  he  was,  as  Macaulay  described,  tortured  for 
some  hours  by  the  medical  parliament  like  an  Indian  at  a  stake  . 
Among  the  less  unpleasant  remedies  was  the  administration  in  a 
cordial  julep  of  25  drops  of  Spiritus  cranii  humani,  ad  refocillandas 
Regis  vires  when  he  was  sinking.  As  late  as  1835  Sir  Henry  Halford 
(1766-1844)  wrote  that  for  ‘this  bad  and  disgusting  sal  volatile’  a 
more  effective  preparation  of  stag  s  horn  had  been  introduced  as  an 
improvement. 

Robert  Boyle  (1627-91)  by  his  scientific  genius  and  versatility 
resembled  Thomas  Young.  Though  never  a  practising  physician  he 
was  created  doctor  of  medicine  at  Oxford  in  1665,  and  was  a  friend 
of  Sydenham  who  dedicated  to  him  Methodus  curandi  febres  (1666). 
Boyle  left  behind  him  Medicinal  Experiments  or  a  collection  of  choice 
and  safe  Remedies  for  his  own  use  and  that  of  his  fiiends,  which  on 
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November  8,  1691,  received  the  Imprimatur  of  Robert  Southwell 
(1635 — 1702)  the  ninth  president  (1690-5)  of  the  Royal  Society.  It 
contained  many  remedies  for  urinary  calculi  from  which  Boyle 
suffered.  In  1694  an  additional  volume,  which  was  'obviously  a 
forgery’  (Fulton),  was  appended  to  the  publication,  and  in  it  there, 
for  the  first  time,  appear  animal  preparations  for  the  stone  such  as 
powdered  crab's  eyes,  powdered  pizzle  of  a  green  tortoise,  recom¬ 
mended  by  k  R.  Lygon,  gent  ’,  and  ‘  the  thick  skin  that  is  found  in  the 
gizzard  of  a  cock  or  hen ' ;  these  organic  remedies  therefore  do  not 
represent  Boyle’s  opinion,  but  reflect  the  state  of  medicine  at  the  end 
of  the  seventeenth  century;  this  book  reached  a  seventh  and  last 
edition  in  1731.  The  circumstances  were  much  the  same  as  regards 
a  popular  handbook  which  saw  the  light  in  1700,  nine  years  after 
Richard  Lower’s  death,  and  passed  into  a  fourth  edition  in  1716: 
Dr.  Lowers  and  several  other  eminent  Physicians  Receipts,  containing 
the  best  and  safest  method  for  curing  most  Diseases  in  humane  Bodies 
by  £  J.  W.'.  The  compiler's  preface  suggests  that  he  is  an  apothecary 
advanced  in  the  vale  of  years.  It  contains  the  following :  ‘  to  give  ease 
in  fits  of  the  stone,  and  to  cure  the  su;  ^  .ession  of  urine  which  usually 
attends  these,  take  of  snail’s-shells  and  bees,  of  each  an  equal 
quantity,  dry  them  in  an  oven  with  a  moderate  heat,  and  then  beat 
them  to  a  very  fine  powder.’  One  of  the  constituents  in  ‘Dr.  Lower’s 
gargarismus  ’  was  frog’s  spawn.  It  is  obvious  that  William  Huddes- 
ford  (1732-72)  was  not  far  wrong  in  the  statement  that  Lower’s  name 
was  ‘impudently  affixed  to  many  nostrums  sold  in  shops’  (Franklin). 

Ancient  organotherapy  and  its  prolonged  survival  were  the  pro¬ 
duct  of  superstition  and  magic  and  not  based  on  any  scientific 
foundation.  But  even  now  much  of  the  common  use  of  endocrine 
preparations,  stimulated  by  the  advertisements  of  enterprising 
chemical  firms,  is  very  little  in  advance  of  the  magic  and  other 
medical  remedies  of  primitive  peoples. 

The  anatomical  recognition  of  the  glands  later  known  as  those  of 
internal  secretion  naturally  stimulated  a  search  for  their  excretory  ducts 
on  the  assumption  that  there  must  be  an  exit  for  their  secretions ; 
this  may  perhaps  be  compared  with  Galen’s  long-revered  doctrine  of 
innumerable  invisible  foramina  in  the  interventricular  septum  of  the 
heart,  through  which  the  blood  was  imagined  to  pass  from  the  right 
to  the  left  ventricle,  an  hypothesis  which  after  all  may  be  regarded  as 
an  anticipation  of  the  existence  of  the  capillaries  elsewhere  also  in¬ 
visible  to  the  naked  eye. 

The  pituitary  was  thought  by  Galen  and  later  by  Vesalius  (1543) 
to  discharge  pituita  (phlegm  or  mucus)  into  the  nasal  cavities,  an 
error  corrected  in  1655  and  1661  by  Conrad  Victor  Schneider  (1614- 
80)  and  by  Richard  Lower  (1631-90)  in  the  Dissertatio  de  Origine 
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Catarrhi  appended  to  the  rare  second  edition  of  his  Tractatus  de 
Corde  in  1670,  and  probably  printed  separately  in  1672  (vide  Fulton, 
1935).  About  the  secretion  of  the  pituitary  Lower  wrote:  ‘  whatever 
serum  is  separated  into  the  ventricles  of  the  brain  and  tissues  out  of 
them  through  the  infundibulum  to  the  glandula  pituitaria  distills  not 
upon  the  palate  but  is  poured  again  into  the  blood  and  mixed  with 
it.  ’  Into  this  statement  it  is  tempting  to  read  the  germ  of  the  con¬ 
ception  of  an  internal  secretion  rather  more  than  a  century  before  de 
Bordeu’s  speculations  (1775)  which  have  usually  been  regarded  as  the 
first  glimmering  of  the  present  knowledge.  In  this  connexion  a  point 
of  some  personal  interest  arises  in  the  relations  between  Lower  and 
his  senior  Thomas  Willis  (1621-75)  who  was  Sedleian  professor  of 
natural  philosophy  at  Oxford  from  1660,  and  also  expressed  what 
may  be  interpreted  as  a  conception  of  an  internal  secretion:  The 
blood  pours  out  something — through  the  spermatic  arteries  to  the 
genitals,  so  also  it  receives  as  a  recompense  a  certain  ferment  from 
these  parts — to  wit  certain  particles  imbued  with  a  seminal  tincture 
are  carried  back  to  the  bloody  mass,  which  make  it  vigorous  and 
inspire  into  it  a  new  and  lively  virtue.  Lower,  the  junior  the 
pupil  and  protege  of,  and  introduced  to  London  practice  in  1666  by, 
Willis — was  abler  than  his  senior.  Anthony  Wood  (1632-95)  re¬ 
marked  in  1692  that  Lower  ‘helped  or  rather  instructed’  Willis,  and 
in  1891  Michael  Foster  (1836-1907)  wrote  that  Willis’s  views  are 
indeed  to  a  large  extent  those  of  Descartes  (1596-1650)  modified  by 
more  exact  anatomical  knowledge,  occasionally  by  sound  physio¬ 
logical  deductions,  in  which  we  may  probably  trace  the  influence  of 
Lower  and  other  of  Willis’s  contemporaries’.  Willis  freely  acknow¬ 
ledged  his  indebtedness  to  Lower,  Wren,  Edmund  King,  and  John 
Master  for  help  in  his  various  works ;  as  Willis  was  prolific  in  hypo¬ 
theses  and  apparently  employed  Lower  to  try  them  out  by  way  of 
experiment,  it  is  quite  possible  that  the  idea  came  from  Willis,  and 
that  Lower’s  injections  in  connexion  with  the  pituitary  were  under¬ 
taken  as  a  result. 

Thomas  Willis,  the  son  of  a  farmer,  was  bom  on  January  27, 
1621,  at  Great  Bedwin  in  Wiltshire,  and  went  to  school  at  Oxford. 
Becoming  a  retainer  (‘batler’)  of  Thomas  lies  (1588—1649),  a  canon  of 
Christ  Church,  and  matriculating  from  that  House  on  March  3,  1636/7, 
he  was  thus  able  to  take  the  degree  of  B.A.  (1639)  and  B.M.  in  1646 
when  both  serving  in  the  Royal  Garrison  at  Oxford  and  working  at 
medicine.  He  was  thus  in  Oxford  when  the  ‘Philosophical!  CluDbe  , 
with  Robert  Boyle,  John  Locke,  and  other  future  Fellows  of  the  Royal 
Society  founded  in  1662,  held  scientific  meetings  in  Wadham  College. 
During  the  time  that  Oxford  was  in  the  hands  of  Cromwell  it  appears 
that  Willis  kept  quiet,  but  with  the  Restoration  his  loyalty  was 
rewarded  by  the  Sedleian  professorship  of  natural  philosophy  ;  he  thus 
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taught  Robert  Lower,  Locke,  Christopher  Wren,  and  May ow,  and  wrote 
much,  especially  on  anatomy,  in  which  his  name  is  attached  not  only 
to  the  vessels  at  the  base  of  the  brain  and  the  spinal  accessory  nerve, 
but  to  the  endothelium-clad  cords  (chordae  Willisii)  which  sometimes 
run  across  the  intracranial  blood  sinuses.  While  in  and  around  Oxford 
he  combined  science  with  medical  practice  and  authorship,  his  great 
work  Cerebri  Anatome,  appearing  in  1664,  being  dedicated  to  Gilbert 
Sheldon  (1598-1677)  who  built  the  Sheldonian  Theatre  at  Oxford  and 
was  Archbishop  of  Canterbury.  In  1666  he  moved  to  London  and 
became  extremely  busy  and,  as  Anthony  Wood  (1632-95),  a  rather 
acid  critic,  wrote,  in  a  very  short  time  ‘became  so  noted  and  so  in¬ 
finitely  resorted  to,  that  never  any  physician  before  went  beyond  him 
or  got  more  money’.  In  another  record  Wood  summed  up  Willis’s 
London  life  as  follows :  ‘at  length  after  a  great  deal  of  drudgery,  that 
he  did  undergo  in  his  faculty  (mostly  for  lucre  sake)  which  did  much 
shorten  his  life,  he  concluded  his  last  day  in  his  house  in  St.  Martin’s 
Lane’  on  November  11,  1675.  Rather  different  estimates  have  been 
formed  about  Willis:  B.  Hutchinson  in  1799  accused  him  of  framing 
hypotheses  instead  of  making  experiments  and  observations,  and 
Michael  Foster  in  1901  ascribed  most  of  what  was  sound  in  his  works  to 
the  influence  of  Lower  and  his  other  contemporaries.  On  the  other  hand, 
Willis  made  many  clinical  observations,  was  spoken  of  as  ‘the  first 
inventor  of  the  nervous  system  ’,  and  Garrison  classed  him  with  Syden¬ 
ham,  William  Heberden,  and  Richard  Bright.  He  gave  good  clinical 
accounts  of  diseases  such  as  epilepsy,  whooping  cough,  achalasia,  and 
myasthenia  gravis,  recognized  the  nervous  origin  of  asthma  and  its 
causation  by  certain  foods,  and  played  a  part  in  the  introduction  into 
the  country  of  what  would  now  be  called  biochemistry.  He  gave  the 
original  description  of  paracusis  Willisii  in  a  deaf  wife  who  could  not 
hear  her  husband’s  voice  unless  a  drum  was  being  beaten  at  the  same 
time. 

He  was  generous  to  the  poor,  religious,  entertained  ‘most  of  the  great 
men  in  London’,  and  refused  the  honour  of  knighthood,  possibly 
because  ‘the  merry  monarch’ — Charles  II — said  that  Willis  had  killed 
more  of  his  subjects  than  an  invading  army.  He  was  certainly  a 
prominent  figure  in  his  day,  for  John  Oldham’s  paraphrase  in  1681 
of  Horace’s  Ars  poetica  contains  the  lines 

I’ve  known  physicians,  who  respect  might  claim 

Tho’  they  ne’er  rose  to  Willis  his  great  fame. 

Richard  Lower  was  born  in  1631  at  Tremeere,  near  Bodmin  in 
Cornwall,  as  the  second  of  the  four  sons  of  Humphrey  Lower.  His 
younger  brother  Thomas  (1633-1720),  also  a  medical  man,  early  in 
life  became  a  prominent  Quaker  and  friend  of  George  Fox  (1624-91), 
with  whom  he  was  imprisoned  in  1673.  Sir  William  Lower  (1600  ?-62), 
the  dramatist,  was  a  relation  but  became  alienated  from  the  family 
and  was  described  by  Richard  as  an  ‘ill  poet  and  a  worse  man’. 
Educated  at  Westminster  Richard  was  elected  a  student  of  Christ 
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Church,  Oxford,  in  1649,  and  proceeded  B.A.  (1653),  M.A.  (1655),  and 
D.M.  (1665).  He  remained  in  Oxford  working  at  anatomy  for  Willis, 
at  physiology  and  transfusion  of  the  blood  (1665)— probably  his  best- 
known  work — at  chemistry,  and  at  practice. 

Lower  was  an  outstanding  scientific  pioneer  in  anatomy  and  phy¬ 
siology.  His  great  work  Tractatus  de  Corde.  Item  de  Motu  et  Colore 
Sanguinis,  et  Chyli  in  eum  Transitu  came  out  in  1669,  and  to  the  edition 
of  this  in  1670  was  attached  his  dissertation  De  Origine  Catarrhi  which 
was  published  separately  in  1672.  In  1666  he  married  Elizabeth, 
widow  of  John  Trelawney,  followed  Willis  to  London,  living  and  prac¬ 
tising  successively  in  Hatton  Garden,  Salisbury  Court  off  Fleet  Street, 
Bow  Street,  and  King  Street,  Covent  Garden;  after  the  death  of 
Willis  in  1675  he  ‘was  much  resorted  to  for  his  successful  practice  .  .  . 
was  esteemed  the  most  noted  physician  in  Westminster  and  London, 
no  man’s  name  was  more  cried  up  at  Court’  (Wood).  He  cultivated 
the  confidences  of  Nell  Gwynne  (1650-87)  for  information  about  the 
intrigues  at  the  Court  of  Charles  II,  and  according  to  Munk  was  the 
original  of  the  character  ‘who  relieved  his  abstruser  studies  by  con¬ 
versations  in  politics’  in  Plato  Redivivus,  or  a  Dialogue  concerning 
Government,  1681,  by  Henry  Neville  (1620-94).  The  year  1678  was 
unfortunate  for  Lower;  when  the  Popish  plot  fabricated  by  Titus 
Oates  (1649-1705)  came  on  the  scene  Lower  threw  in  his  lot  with  the 
Whigs  whom  he  believed  to  be  destined  to  gain  the  upper  hand,  and 
protested  against  the  succession  of  the  Duke  of  York,  the  brother  of 
Charles  II,  who  was  a  Catholic.  This  proved  to  be  a  mistake,  and  both 
his  practice  and  reputation  suffered  considerably.  Thomas  Short 
(1635-85),  a  Catholic,  obtained  a  large  share  of  the  practice,  and  on 
his  death  in  1685  it  passed  to  John  Radcliffe  (1653-1714).  Lower, 
however,  attended  Charles  in  his  last  illness  and  was  present  at  the 
post-mortem  examination.  On  November  18,  1675,  Lower,  Sir  Thomas 
Nott,  David  Bruce,  Thomas  Colepepper,  and  John  Downes  were 
expelled,  probably  for  non-payment  of  subscriptions,  from  the  Royal 
Society,  of  which  Lower  had  been  a  fellow  since  1667. 

On  the  accession  of  James  II  in  1685  Lower  not  unnaturally  lost  his 
Court  appointment,  the  King  having  declared  that  he  had  done  him 
more  mischief  than  a  troop  of  horse.  The  only  known  portrait  of 
Lower,  said  to  have  been  taken  when  he  was  fifty -five  years  old,  was 
reproduced  by  Franklin  from  the  first  edition  in  1700  of  Di .  Lowers 
and  several  other  Eminent  Physicians  Receipts,  Lond. ;  but  the  authen¬ 
ticity  of  this  print  has  been  questioned  ;  Henry  Bromley  (pseudonym 
of  Anthony  Wilson,  1750-?)  in  his  Catalogue  of  Engraved  British 
Portraits  (1793)  suggested  that  it  really  represented  Robert  Loveday 
(fl.  1655),  the  translator  of  some  French  romances;  on  comparing 
their  portraits  Franklin  found  a  certain  amount  of  resemblance 
between  them. 

Lower  died  in  his  house  in  King  Street  on  January  17,  1690-1,  and 
was  buried  on  February  3  in  a  vault  in  the  church  of  St.  Tudy, 
Cornwall. 


RICHARD  LOWER,  D.M.,  F.R.S. 
(1631-91) 

Courtesy  of  Kenneth  j.  franklin,  d.m. 
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Bromley,  H.,  A  Catalogue  of  Engraved  British  Portraits,  LoncL,  1793,  i.  217; 
Franklin,  K.  J.,  Ann.  Med.  Hist.,  NY.,  1931,  n.s.,  iii.  599;  idem,  ‘Lower’s 
De  Corde’  in  Early  Science  in  Oxford,  1933,  ix ;  idem,  Introduction  to  J. 
Fulton’s  Bibliography  of  Two  Oxford  Physiologists:  Richard  Lower  and  John 
Mayow,  Oxford,  1935;  Munk,  W.,  Roll  of  the  Royal  College  of  Physicians  of 
London,  Lond.,  1878,  i.  379. 


The  secretion  of  the  thyroid  was  thought  by  Galen  to  lubricate  the 
larynx,  and  this  was  accepted  in  1761  by  Morgagni;  ducts  opening 
into  the  larynx,  trachea,  or  oesophagus  were  assumed  and  described. 
Giacopo  Vercelloni  (1676-?)  in  1711  stated  that  the  thyroid  con¬ 
tained  worms,  the  ova  of  which  passed  through  ducts  into  the 
oesophagus  and  so  into  the  stomach  and  intestines.  Haller  in  1745, 
Lorenz  Heister  (1683-1758)  in  1747,  and  A.  Portal  (1742-1832)  in 
1803  pointed  out  that  such  ducts  were  invisible.  In  1717  Francis 
Bellinger  (ob.  1721 ),  a  licentiate  of  the  Royal  College  of  Physicians  of 
London,  put  forward  the  rather  perverse  statement  that  the  foetus 
is  nourished  by  the  secretion  of  the  thymus  which  passes  by  ducts  to 
the  submaxillary  glands  and  so  enters  the  mouth  en  route  for  the 
stomach.  An  explanation  of  his  view  has  been  offered  to  the  effect 
that  in  the  animals  he  dissected  the  thymus  was  in  close  contact  with 
the  submaxillary  glands.  These  early  speculations  about  excretory 
ducts  for  the  pituitary  and  thyroid  might  perhaps  have  been  more 
attractive  if  the  much  later  known  embryological  development  of  the 
anterior  lobe  of  the  pituitary  from  the  ectoderm  of  the  stomodaeum 
(Rathke’s  pouch,  1838)  and  of  the  thyroid  from  the  neighbourhood 
of  the  second  branchial  arch  had  then  been  available. 

Valsalva  (1666-1723)  described  excretory  ducts  from  the  adrenals 
to  the  epididymis  and  ovary  and  considered  that  the  adrenals  were 
organs  of  generation  or  adjuvant  to  them.  John  Ranby  (1703-73)  in 
1725  contested  this  and  stated  that  the  supposed  duct  was  really  an 
artery.  As  will  be  mentioned  later,  George  Gulliver  (1804-82)  in  1840 
epigrammatically  described  the  adrenal  veins  as  the  excretory  ducts 
of  the  adrenal  glands. 

In  order  to  obtain  an  impression  of  the  views  held  about  the  glands 
without  any  obvious  ducts  in  the  seventeenth  century  reference  may 
be  made  to  The  Natural  History  of  Nutrition  (1659)  of  Walter  Charle- 
ton  (1619-1707),  described  by  his  contemporary  Anthony  Wood  as  a 
‘learned  man  .  .  .  yet  too  much  given  to  romances’.  He  divided  the 
glands  into  three  categories :  (1 )  those  with  ducts,  and  then  proceeds, 
in  his  own  words  (2)  ‘To  the  second  (inservient  to  the  secretion  of  a 
humor,  and  the  reduction  of  it  into  the  veins  afterward)  belong  the 
glandulae  renales  or  deputy  kidneys  (the  adrenals),  the  glandules 
neer  the  fundament,  those  adjacent  to  the  oesophagus,  the  parotides, 
axillary,  inguinal,  &c.,  glandules.  All  which  receive  from  the 


16  INTRODUCTION  AND  EARLY  HISTORY 

nervs,  a  certain  humor  more  rough  and  acrimonious  (and  ap¬ 
proaching  the  nature  of  the  blood)  than  is  agreeable  with  the  succus 
nutri tius ;  and  therefore  the  nervs,  by  the  help  of  these  glandules, 
discharge  themselves  of  it,  and  retain  only  the  more  sweet,  mild  and 

profitable  juice _ The  humor,  thus  rejected  by  the  nervs  ...  is  not 

excluded  out  of  the  body  as  an  absolute  excrement,  but  is  imbibed 
by  the  glandules  adjacent  to  the  veins,  and  by  them  imported  into 
the  veins.’  (3)  1  (Inservient  to  the  praeparation  of  the  true  succus 
nutritius) :  the  glandules  of  the  mesentery,  the  thymus.’  The  second 
category  might,  as  with  some  later  statements,  such  as  those  of 
Lower  (vide  p.  12)  and  de  Bordeu,  be  thought  to  show  a  glimmering 
of  the  conception  of  internal  secretions. 

The  first  formal  suggestion  of  the  conception  of  the  internal  secre¬ 
tions  has  been  ascribed  to  the  remark  in  1775  of  Theophile  de 
Bordeu  (1722-76)  to  the  effect  that  each  organ  of  the  body  gives  off 
‘emanations’  which  are  necessary  and  useful  to  the  whole  body. 
This  is  expressed  in  the  sixth  part,  entitled  ‘Analyse  medicinale  du 
sang’  of  his  verbose  Recherches  sur  les  maladies  chroniques  (1/75), 
which  contained  the  picturesque  phrase  ‘the  tripod  of  life  for  the 
brain,  the  heart,  and  the  stomach  (Gee).  De  Bordeu  thus  vaguely 
envisaged  ‘emanations’  from  parts  of  the  body  other  than  those 
usually  included  among  the  endocrine  glands ;  this  conception  was 
much  wider  than  that  of  orthodox  opinion  thirty  years  ago,  but  since 
the  early  years  of  this  century  scientific  evidence  has  been  accumu¬ 
lating  in  its  favour,  and  the  control  of  the  body  by  a  combined  or 
alternating  influence  of  the  autonomic  system  and  hormones,  or 
neuro- humor alism,  is  now  recognized  (vide  p.  34).  De  Bordeu  laid 
much  stress  on  the  tonic  effect  of  testicular  and  ovarian  secretions  and 
their  influence  on  the  secondary  sex-characters,  as  shown  by  the 
obvious  changes  following  castration,  which  had,  of  course,  long  been 
known.  Though  his  views  were  speculative  and  without  any  experi¬ 
mental  basis,  his  claims  were  urged  by  H.  Grasset  in  1900  and  more 
vigorously  by  Max  Neuburger  (1868—  )  in  1903  and  1911. 

Theophile  de  Bordeu  (1722-76)  was  the  elder  of  the  two  sons  of 
Antoine  de  Bordeu,  a  medical  man  and  lawyer  who  was  director  of  the 
spas  of  Aquitaine  ;  the  family  had  for  four  centuries  provided  members 
of  these  two  professions.  Born  on  February  22,  1722,  at  Iseste  in  the 
Ossau  Valley  in  Bearn,  Basses  Pyrenees,  Theophile  was  educated  at 
the  Jesuits’  College  at  Pau  and  then  at  the  University  of  Montpellier, 
the  only  medical  school  in  France  where  the  teachers  represented  both 
the  animism  of  G.  E.  Stahl  (1660—1734)  and  the  mechanistic  doctrines 
of  Hermann  Boerhaave  (1668—1738).  He  had  a  brilliant  career;  he 
was  a  student-demonstrator  of  anatomy  in  1741,  and  in  the  following 
year  submitted  a  ‘Dissertatio  physiologica  de  sensu  geneiice  con¬ 
siderate  ’  which  showed  his  vitalistic  point  of  view,  and  was  so  well 


THEOPHILE  DE  BORDEU 
(1722-76) 


DE  BORDEU 


17 


received  by  the  University  authorities  that  he  was  excused  several 
acts  ordinarily  required  for  the  bachelor’s  degree.  He  obtained  the 
doctorate  in  1743,  and  published  Chylificationis  Historia.  After  spend¬ 
ing  a  year  as  demonstrator  of  anatomy  at  Pau  he  was  back  at  Mont¬ 
pellier,  but  moved  to  Paris  in  1746  for  further  study.  In  1749  he 
returned  to  Pau  as  director  of  the  spas  of  Aquitaine,  and  was  busy 
with  articles  on  the  mineral  waters  of  Bearn  and  some  adjacent  districts 
(1746-8)  and  a  memoir  on  the  articulations  of  the  bones  of  the  face. 
In  1752  he  finally  settled  in  Paris  and  at  once  brought  out  Recherches 
anatomiques  sur  les  dijferentes  positions  des  glandes  et  sur  leur  action, 
which  by  attacking  the  mechanistic  and  chemical  doctrines  of  Hermami 
Boerhaave,  then  the  orthodox  attitude  of  the  Paris  medical  faculty, 
attracted  attention,  enemies,  and  some  supporters.  He  was,  as  Garrison 
said,  the  founder  of  the  vitalistic  school  of  Montpellier,  and  thus  van 
Helmont’s  views  and  Stahl’s  animism  became  merged  into  the  vitalism 
of  ‘the  four  B’s’,  cle  Bordeu,  P.  J.  Barthez  (1734-1806),  M.  F.  X. 
Bichat  (1771-1802),  and  much  later  the  seminal  vitalism  of  E.  Bouchut 
(1824-80).  Bichat  was  certainly  much  influenced  by  de  Bordeu.  In 
1753  the  prize  offered  by  the  Academie  de  Chirurgie  was  awarded  to 
de  Bordeu  for  a  dissertation  ‘Sur  les  ecrouelles’  (tuberculous  glands) 
which  is  said  to  have  been  the  feeblest  of  his  many  publications.  After 
obtaining  in  1754  the  legal  right  to  practise  in  Paris  by  submitting 
three  dissertations  in  Latin,  he  published  Recherches  sur  le  pouls  in 
1756,  and  thus  gained  a  fashionable  practice  at  the  Court  of  Louis  XV  ; 
but  this  aroused  the  enmity  of  his  professional  rivals,  and  on  April  4, 
1761,  he  was  accused  at  a  meeting  of  the  Faculte  de  Medecine  by 
M.  P.  Bouvart  (1711-87)  of  dishonest  charges  for  professional  atten¬ 
dance,  thus  leading  to  a  miserable  and  acrimonious  quarrel.  De 
Bordeu  continued  to  write,  and  dealt  with  colic  (1762-5),  the  history 
of  medicine  ( 1764)  in  which  he  advocated  inoculation  against  smallpox, 
and  on  mucous  tissue  (1767).  In  his  last  published  work,  on  chronic 
diseases  (1775),  he  lauded  their  treatment  by  the  mineral  waters  of  the 
Pyrenees,  and  maintained  that  as  every  disease  was  decided  by  a 
crisis  the  treatment  should  be  directed  to  induce  this  reaction,  a 
procedure  which  may  perhaps  be  regarded  as  an  anticipation  of  the 
modern  protein  shock  therapy.  The  final  section  of  this  work  on  the 
medical  analysis  of  the  blood  contains  under  a  cloud  of  words  dealing 
with  the  humours  and  cachexias  the  hypothesis  that  all  the  organs  of 
the  body  discharge  their  secretions  into  the  blood. 

Attacked  by  the  gout  and  harassed  by  financial  worries,  de  Bordeu 
sought  but  failed  to  obtain  relief  from  the  mineral  waters  he  had  so 
strongly  recommended  to  others ;  solitary  and  unmarried  he  became 
embittered,  profoundly  melancholic,  and  died  suddenly  from  apoplexy 
on  November  24,  1776,  the  day  he  had  predicted.  In  this  last  respect 
he  resembled  John  Caius  (1510-73),  who  according  to  tradition  pro¬ 
phesied  correctly  the  date  of  his  death. 

Biographie  universelle,  Paris,  1843,  v.  71 ;  Bouchut,  E.,  Histoire  de  medecine  et 

des  doctrines  medicates,  Paris,  1873,  vol.  i. ;  ‘Dictionnaire  des  sciences  medicales’ : 
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Biographic  medicate,  Paris,  1820,  tome  ii,  pp.  387-402;  CEuvres  completes  de  de 
Bordeu,  precedes  d'une  notice  sur  sa  vie  et  sur  ses  ouvrages,  par  M.  le  Chevalier 
Richerand,  2  vols.,  Paris,  1818;  Delaunay,  P.,  Le  Monde  medicate  parisien  au 
dix-huitieme  siecle,  Paris,  1906,  p.  47. 

In  1766  Albrecht  Haller  (1708-77)  grouped  together  the  thyroid, 
thymus,  and  spleen  as  glands  without  ducts  which  pour  a  special 
substance  into  the  veins  and  so  into  the  general  circulation.  In 
reference  to  the  thyroid  he  stated  that  ‘several  writers,  especially 
F.  Ruysch  (1638-1731),  had  adopted  the  only  possible  remaining 
opinion,  namely,  that  a  peculiar  fluid  was  elaborated  in  the  gland  and 
poured  into  the  veins’.  In  1850  C.  Handheld  Jones  (1819-90)  com¬ 
mented  on  this  quotation :  ‘  This  view,  which  laborious  and  thought¬ 
ful  and  sagacious  men  were  then  slow  to  entertain,  is  now  so  univer¬ 
sally  adopted,  and  it  seems  certainly  a  matter  of  wonder  that  it  was 
not  sooner  arrived  at.  May  we  not,  however,  question  whether  in 
regard  to  other  glands  a  process  somewhat  similar  does  not  also 
occur.’  C.  W.  Hufeland  (1762-1836)  at  the  end  of  the  eighteenth 
century  (1797)  wrote  in  language  which  now  seems  somewhat  high- 
flown:  ‘The  organs  of  generation  have  the  power  of  secreting  the 
finest  and  most  spiritual  parts  of  our  nourishment ;  but  at  the  same 
time  they  are  so  organized  that  these  perfected  and  ennobled  juices 
can  again  return  and  be  received  into  the  blood.’ 

Attention  was  directed  by  Gley  in  1897,  and  again  in  1913,  to  the 
dissertation  for  the  Paris  doctorate  in  September  1801  of  J.  J.  0. 
Legallois  (1770-1814),  entitled  Le  Sang  est-il  identique  dans  tons  les 
vaisseaux  qu’il  par  court ?,  as  anticipating  much  more  clearly  than 
de  Bordeu  the  conception  of  the  internal  secretions.  Legallois  was  an 
experimental  physiologist  and  extremely  cautious  in  drawing  con¬ 
clusions  from  his  experiments.  He  was  also  physician  to  the  Bicetre, 
and  in  his  fatal  illness,  pneumonia,  refused  to  be  bled. 

De  Bordeu’s  views,  however,  did  not  definitely  influence  general 
medical  opinion,  probably  because  they  were  speculative  and  not 
based  on  the  sound  foundation  of  experiment.  In  passing,  reference 
may  be  made  to  the  well-known  dictum  of  P.  J.  G.  Cabanis  (1757- 
1808),  a  philosopher  and  man  of  letters  as  well  as  a  medical  man  and 
professor  of  hygiene  in  Paris,  in  his  Traite  du  physique  et  du  moral  de 
Vhomme  (1802),  to  the  effect  that  ‘as  the  liver  secretes  bile,  so  does 
the  brain  secrete  thought’.  J.  B.  Winslow  (1669-1760),  the  teacher 
of  Haller,  when  in  Paris,  had  previously  stated  that  the  brain  was  a 
secretory  organ.  This  mechanistic  explanation  of  mental  processes 
was  not  unnaturally  held  up  to  ridicule  by  Thomas  Carlyle  in  his 
essays  Signs  of  the  Times  (1829)  and  German  Literature  of  the  Four¬ 
teenth  and  Fifteenth  Centuries  (1831) ;  nevertheless  it  contains  a  germ 
of  the  modern  neuro-humoralism.  In  the  first  half  of  the  nineteenth 
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century  the  ductless  glands  were  considered  to  be  somewhat  vaguely 
connected  with  the  circulatory  system ;  thus  in  1817  F.  J.  V.  Brous- 
sais  (1772-1838)  considered  that  the  spleen,  thyroid,  thymus,  and 
adrenals  were  diverticula  of  the  vascular  system,  Beclard  (1785- 
1825)  in  1823  regarded  the  pituitary  and  pineal  as  vascular  glands, 
and  indeed  in  the  middle  of  the  century  they  were  still  spoken  of 
as  ‘blood-glands’,  glands  of  'blood-vessels’,  or  'vascular  ganglia’ 
(H.  Frey). 

In  1836,  in  a  paper  on  the  structure  and  function  of  the  thyroid, 
T.  Wilkinson  King  (1809-47 )  of  Guy’s  Hospital  described  the  colloid  of 
the  gland  and  showed  that  it  passed  into  the  lymphatics  and  so  into 
the  great  veins;  this,  he  said,  had  been  'indirectly  surmised  by 
Morgagni’.  He  also  made  the  prophetic  remark,  'yet  we  may  one 
day  be  able  to  show  that  a  particular  material  is  slowly  formed  and 
partially  kept  in  reserve,  and  that  this  principle  is  also  supplementary, 
when  poured  into  the  descending  cava,  to  important  functions  in  the 
course  of  the  circulation  ’.  That  he  had  a  definite  vision  of  the  internal 
secretions  is  also  shown  by  his  further  comment :  '  whilst  the  nourish¬ 
ment  of  a  part  is  indispensable  to  its  existence,  the  influence  which 
it  exerts  upon  the  circulating  fluid  may  be  more  or  less  needful  for 
the  healthy  subsistence  of  the  entire  animal.’  Sir  Astley  Cooper 
(1768-1841)  in  notes  appended  to  King’s  paper  described  his  experi¬ 
mental  thyroidectomies,  the  first  to  be  performed  in  England  in 
about  1827,  the  puppies  recovering  after  some  malaise  and  stupidity. 
From  notes  taken  by  Mr.  Earl,  surgeon  of  Cromer,  of  Sir  Astley’s 
lectures  in  1798-9,  it  appears  that  he  said  'as  this  gland  (the  thyroid) 
has  no  duct,  it  is  probable  the  absorbents  perform  that  office,  and 
that  they  convey  the  fluid  into  the  thoracic  duct’. 

In  1840  George  Gulliver  (1804-82),  assistant  surgeon  to  the  Royal 
Horse  Guards  (Blue),  a  fellow  of  the  Royal  Society  (1839),  and  after¬ 
wards  an  original  fellow  of  the  Royal  College  of  Surgeons  in  London 
(1843)  and  Hunterian  Orator  (1863) — a  most  unusual,  if  not  unique, 
combination — described  the  microscopic  appearances  of  the  adrenals 
and  mentioned  spheroidal  bodies  both  in  the  adrenals  and  in  their 
veins.  He  stated  that  the  adrenals  'poured  into  the  blood  a  peculiar 
matter  which  has  doubtless  a  special  use,  and  is  still  an  interesting 
and  important  subject  for  further  inquiry’,  and  added  that  the 
adrenal  veins  are  the  excretory  ducts  of  the  adrenals.  This  obvious 
anatomical  definition  of  a  gland  of  internal  secretion  was  quoted  by 
R.  Boyd,  who  was  associated  in  work  with  Gulliver,  but  otherwise 
did  not  attract  any  attention.  Gulliver  also  described  in  fuller  detail 
his  work  on  the  adrenals  in  an  appendix  to  his  translation  of  Gerber’s 
General  and  Minute  Anatomy  of  Man  and  Mammals ,  1842.  Gulliver’s 
description  of  bodies  both  in  the  adrenals  and  in  the  blood  of  their 
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veins  may  be  correlated  with  Vulpian’s  observation  in  1856  that  the 
medulla  of  the  adrenals  stains  an  emerald-green  colour  with  j)er- 
chloride  of  iron  and  that  a  similar  reaction  is  given  by  the  blood  in  the 
adrenal  veins,  but  not  by  other  organs  or  the  blood  elsewhere  in  the 
body.  He  definitely  stated  that  the  material  giving  this  reaction 
appears  to  be  connected  with  the  function  of  the  adrenals.  Gley 
(1913)  described  this  as  the  first  decisive  proof  that  the  adrenals  dis¬ 
charge  into  the  venous  blood  a  substance  they  elaborate ;  Gulliver 
may  fairly  be  said  to  be  entitled  to  this  award. 

In  1841  Jakob  Henle  (1809-85)  emphasized  the  anatomical  dis¬ 
tinction  between  glands  with  and  those  without  ducts,  and  said  that 
in  the  latter  the  blood  undergoes  a  change  and  that  the  substances 
thus  elaborated  are  absorbed  by  the  blood-vessels  or  by  the  lym¬ 
phatics.  Johannes  Muller  (1801-58)  in  1844  and  in  1852  Kolliker 
(1817-1905)  expressed  much  the  same  view.  Sir  John  Simon  (1818- 
97 )  wrote  in  1844  a  paper  on  the  comparative  anatomy  of  the  thyroid, 
and  went  on  to  state,  ‘what  diversion  is  to  the  stream  of  blood 
quantitatively,  alternative  secretion  would  be  to  the  composition  of  the 
blood  qualitatively ;  and  I  should  conceive  that  the  use  of  the  thyroid 
gland,  in  its  highest  development,  may  depend  on  the  joint  exercise 
of  these  two  analogous  functions  ’.  Simon  would  thus  appear  to  have 
grafted  the  conception  of  an  internal  secretion  on  to  the  old  hypothesis 
that  the  thyroid  protected  the  brain  against  an  excessive  access  of 
blood,  or  what  has  been  called  the  vascular  shunt  hypothesis  (p.  150). 

In  1849  A.  A.  Berthold  (1803-61)  of  Gottingen  first  showed  that 
transplantation  of  a  cock’s  testes  to  another  part  of  the  body 
prevented  the  atrophy  of  the  comb  which  usually  follows  castration  ; 
this  result  he  ascribed  to  the  influence  exerted  by  the  testes  on  the 
blood  and  so  on  the  body  as  a  whole.  This  important  experimental 
demonstration  of  an  internal  secretion,  which  established  the  endo¬ 
crine  function  of  the  testes,  did  not  exert  any  influence  on  con¬ 
temporary  physiology,  and  indeed  was  forgotten  until  it  was  ex¬ 
humed  in  1910  by  Biedl  with  the  tribute,  'the  honour  of  having  first 
proved  the  existence  of  an  internal  secretion  and  of  having  realized 
its  significance  belongs  undoubtedly  to  Berthold’.  In  1850  T.  B. 
Curling  (1811-88)  tentatively  suggested  that  cretinism  was  due  to 
thyroid  deficiency,  and  in  1852  W.  B.  Carpenter  (1813-85)  wrote: 
'The  vascular  glands  (spleen,  thymus,  thyroid,  adrenals)  .  .  .  exactly 
correspond  with  ordinary  glands  in  all  that  part  of  their  structure  by 
which  they  withdraw  or  eliminate  certain  matters  from  the  blood ; 
and  they  differ  only  in  being  unprovided  with  excretory  ducts  for  the 
discharge  of  the  products  of  their  operation.  These  products,  instead 
of  being  carried  out  of  the  body,  are  destined  to  be  restored  to  the 
circulating  current  apparently  in  a  state  of  more  complete  adaptive- 
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ness  to  the  wants  of  the  nutritive  function.’  Carpenter  included  fatty 
tissue  with  the  ductless  glands,  but  his  conception  clearly  corresponds 
in  general  with  the  modern  one  of  the  internal  secretions.  Very  little 
real  advance  in  the  subject  took  place  during  the  interval  of  nearly 
ninety  years  between  the  vague  speculations  of  de  Borden,  Haller, 
and  others  and  the  introduction  by  Claude  Bernard  (1813-78)  of 
the  term  internal  secretions’  and  all  it  implied  in  1855 — the  same 
year  that  Thomas  Addison  (1793-1860)  published  his  monograph  On 
the  Constitutional  and  Local  Effects  of  Disease  of  the  Supra-Renal 
Capsules. 

It  should,  however,  be  recognized  that  before  1855  the  doctrine  of 
the  internal  secretions  had  been  hinted  at  by  de  Bordeu  in  1775, 
Legallois  in  1801,  and  others,  and  that  with  regard  to  this  activity  on 
the  part  of  particular  glands  there  may  be  some  reason  to  credit  this 
idea  to  Lower  (pituitary,  1670),  King  (thyroid,  1836),  Gulliver 
(adrenals,  1840),  and  Berthold  (1849),  and  perhaps  Hufeland  (testes, 
1797).  These  have  been  called  the  precursors,  whereas  Claude  Ber¬ 
nard  and  Brown-Sequard  are  clearly  the  founders  of  the  conception 
of  the  internal  secretions. 
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CHAPTER  II 

THE  HISTORY  OF  ENDOCRINOLOGY 

FROM  1855 


The  year  1855,  in  which  Claude  Bernard  started  the  scientific  con¬ 
ception  and  investigation  of  the  internal  secretions,  and  Thomas 
Addison  focused  attention  on  the  adrenals,  is,  to  borrow  Dana’s 
simile,  the  first  peak  in  the  history  of  the  endocrine  glands.  Bernard 
was  far  ahead  of  contemporary  thought  and  was  one  born  out  of  due 
time.  It  is  surprising  how  little  serious  notice  was  taken  of  the  con¬ 
ception  of  internal  secretions  for  nearly  thirty  years  after  Bernard’s 
publication  of  his  work.  From  experimental  thyroidectomy  in  1859 
Moritz  Schiff  (1823-96)  concluded  that  the  thyroid  had  an  internal 
secretion,  but  he  does  not  appear  to  have  grasped  the  importance  of 
his  deduction  till  1884,  when,  as  the  physiology  and  pathology  of  the 
thyroid  were  attracting  much  research  and  observation,  he  repub¬ 
lished  his  work  with  additional  experiments.  Gley  in  commenting  on 
this  delay  in  the  general  recognition  of  the  internal  secretions  stated 
that  during  the  period  of  nearly  thirty  years  after  1855  the  phrase 
‘internal  secretions’  was  mentioned  by  two  workers  only,  both  of 
them  Parisians:  C.  P.  Robin  (1821-95)  in  his  Lemons  sur  les  humeurs 
normales  et  morbides  (1867),  and  Paul  Bert  (1833-86)  in  his  elemen¬ 
tary  work  Lemons  de  zoologie  (1881).  The  second  edition  of  Michael 
Foster's  Text-book  of  Physiology  (1878)  did  not  contain  any  reference 
to  the  thyroid,  pituitary,  or  adrenal  glands  ;  though  it  is  fair  to  quote 
his  warning  that  he  did  not  propose  to  cover  the  subject  completely,  his 
text-book  was  the  leading  work  in  this  country  for  many  years  after. 

An  even  more  astonishing  example  of  delayed  recognition  of  the 
importance  of  Bernard's  work  is  presented  by  his  conception  of  la 
fixite  du  milieu  interieur — the  internal  environment — to  the  effect 
that  the  higher  animals  possess  a  mechanism  controlled  by  the  central 
nervous  system  for  maintaining  the  constancy  of  the  temperature 
and  the  composition  of  the  fluids  bathing  the  tissues  of  the  body. 
This  was  put  forward  by  Bernard  in  the  last  year  of  his  life,  but  its 
wide  significance  was  not  realized  until  1928,  or  fifty  years  later,  by 
L.  J.  Henderson  and  by  W.  B.  Cannon;  the  latter  spoke  of  it  as 
‘homeostasis’  in  a  book  The  Wisdom  of  the  Body  (1932),  the  title  of 
which  he  purposely  took  from  E.  H.  Starling’s  Harveian  Oration  in 
1923  which  dealt  largely  with  endocrine  glands ;  Cannon  brought 
forward  evidence  that  the  constancy  of  the  internal  environment, 
namely  of  the  sugars,  fats,  calcium,  oxygen,  and  hydrogen-ion  con¬ 
centration,  is  mainly  controlled  by  the  autonomic  system. 
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Claude  Bernard  (1813-78),  the  only  son  of  a  modest  vine-grower, 
was  born  in  the  village  of  St.  Julien  (Rhone)  in  1813  on  July  12,  the 
same  day  of  the  month  as  William  Osier  in  1 849.  After  education  at  a 
Jesuit  school  in  the  neighbouring  town  of  Villefranche,  he  was  for  two 
years  assistant  to  a  dispensing  chemist  at  Lyons ;  but  he  was  so  dis¬ 
gusted  with  the  quackery  and  inaccuracy  thus  forced  on  his  notice 
that  he  attempted  to  embark  on  a  literary  career.  Success  to  the 
extent  of  a  hundred  francs  from  the  performance  of  his  vaudeville 
comedy  La  Rose  de  Rhone  encouraged  him  to  write  a  five-act  tragedy 
Arthur  de  Bretagne  about  Charles  VI,  with  which  in  1834  lie  went  to 
seek  his  fortune  in  the  wider  world  of  Paris  ;  there  the  critic  Saint-Marc 
Girardin  (1801-73),  professor  of  literature  at  the  Sorbonne,  read  it  and 
then  said  firmly,  ‘  Vous  avez  fait  de  la  pharmacie,  faites  de  la  medecine. 
Vous  A  avez  pas  le  temperament  dramatique  The  play  was  published 
posthumously  in  1887,  with  an  historical  preface  by  Bernard’s  old 
friend,  Georges  Barral,  in  which  it  was  stated  that  Madame  Bernard 
and  her  daughters  left  the  physiologist  when  old  and  ailing ;  this  led 
to  expostulation  and  the  volume  was  therefore  withdrawn  from  circula¬ 
tion,  and  has  become  rare. 

^Bernard  decided  on  medicine  as  a  career  and  became  a  very  frugal 
but  not  very  successful  student,  being  placed  twenty-sixth  out  of 
twenty -nine  in  an  examination  in  1839.  In  1841,  however,  to  every 
one’s  surprise  Francois  Magendie  (1783-1855),  the  leader  of  French 
physiology  and  a  confirmed  opponent  of  vitalism,  appointed  Bernard, 
who  had  been  his  interne  at  the  Hotel-Dieu,  as  his  assistant  at  the 
College  de  France,1  and  a  few  days  later  generously  said  to  him,  ‘  Tu  es 
plus  fort  que  moi’.  In  1843  Bernard  took  the  doctorate  with  a  thesis 
on  gastric  digestion  and  henceforth  devoted  his  life  to  the  advance¬ 
ment  of  physiology  and  scientific  medicine  by  the  experimental 
method.  He  has  rightly  been  called  ‘the  founder  of  experimental 
medicine’,  i.e.  the  artificial  production  of  disease  by  means  of  chemical 
and  physical  manipulation  (Garrison),  for  he  was  essentially  a  biologist 
who  studied  all  the  problems  of  life  and  whose  physiology  included 
disordered  as  well  as  normal  function.  His  work  was  carried  out  in 
extremely  adverse  circumstances ;  his  laboratory  was  small  and  dark, 
like  that  of  Pasteur’s,  his  instruments  were  made  by  his  own  hands, 
and  animal  experiments  were  unpopular  with  the  police.  His  published 
works  in  eighteen  octavo  volumes  contain  his  discoveries — puncture 
diabetes  (1849),  pancreatic  digestion  (1849-56),  the  vasomotor  nerves 
(1853),  the  glycogenic  function  of  the  liver  (1855),  and  the  isolation  of 
glycogen  two  years  later.  His  works  and  lectures  dealt  with  experi¬ 
mental  physiology  in  application  to  medicine  (1855),  the  effect  of 
poisons  (1857),  the  physiology  and  pathology  of  the  nervous  system 
(1858),  the  physiology  and  pathology  of  the  body  fluids  (1859),  ex¬ 
perimental  pathology  (1872),  anaesthetics  and  asphyxia  (1875),  diabetes 

1  The  College  de  France  was  founded  about  1531,  and  Erasmus  mentioned  it 
in  the  following  year.  A  chair  of  medicine  was  established  in  1 542  and  organized 
by  Vidus  Vidius  (1500  ?-69). 
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and  animal  glycogenesis  (1877),  and  operative  physiology  (1879).  Ihe 
imagination  and  intuition  which  in  youth  stimulated  him  to  literary 
work  were  diverted  to  science,  though  he  insisted  that  hypothesis 
should  only  be  allowed  to  determine  the  object  of  experimental  research 
and  should  be  put  away,  like  an  overcoat,  on  entering  the  laboratory 
lest  it  should  vitiate  observation.  His  Introduction  a  V etude  de  la 
medecine  experimental  (1865)  is  an  admirable  philosophic  guide  to 
research,  has  often  been  reprinted,  and  is  said  to  have  won  him  a  seat 
in  the  Academie  Frangaise. 

Bernard,  who  had  been  appointed  during  Magendie’s  lifetime  to  a 
special  chair  of  general  physiology  at  the  Sorbonne,  succeeded  his 
former  chief  as  full  professor  at  the  College  de  I  ranee  in  1855,  and 
taught  many  distinguished  research  workers  and  pupils,  such  as  Paul 
Bert  (1830-86)  and  Brown-Sequard,  his  successors  at  the  Sorbonne  m 
1868,  and  at  the  College  de  France,  Willy  Kuhne  (1837-1900)  and  C. 
Rouget  (1824-1904).  Bernard  was  elected  a  member  of  the  Academie 
Frangaise  in  1868,  and  was  made  a  Senator  in  the  following  year  by 
Napoleon  III.  His  friends  included  Pasteur,  Renan,  Paul  Janet, 
Berthellot  the  chemist,  and  Gambetta,  but  he  was  a  lonely  soul,  for 
his  wife  and  his  two  daughters  viewed  his  life’s  work  with  distaste  and 
lived  away  from  him. 

His  death  occurred  from  acute  nephritis  on  February  10,  1878,  and 
he  was  buried  with  all  the  pomp  and  ceremony  of  a  public  funeral  at 
the  expense  of  the  State,  a  tribute  previously  paid  to  none  but  princes, 
statesmen,  and  soldiers. 
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vii.  253. 

Brown-Sequard  (1817-94)  at  once  followed  up  Addison’s  monograph 
On  the  Constitutional  and  Local  Effects  of  Disease  of  the  Supra-Renal 
Capsules  (1855)  by  a  long  series  of  experimental  removal  of  these 
glands  and  concluded  that  they  were  essential  to  life  (1856) ;  but  he 
ceased  to  work  on  them  in  1858.  In  1869  and  again  in  1889,  within  a 
few  years  of  his  death,  he  returned  to  the  study  of  the  endocrine 
glands,  and  arrived  at  very  important  conclusions.  Probably  ignor¬ 
ant  of  de  Bordeu’s  views,  he  expanded  the  conception  of  internal 
secretions  from  being  a  function  of  glands  only,  so  as  to  include  all 
the  organs  and  tissues.  With  D’Arsonval  (1851-  )  in  1891  he 

described  an  inter-relation  between  the  various  cells  of  the  body 
brought  about  by  means  other  than  that  of  the  nervous  system,  thus 
anticipating  the  more  modern  view  of  chemical  messengers,  and 
further  pointed  out  that  the  active  principles  discharged  into  the 
circulation  exert  a  selective  affinity  on  certain  parts  of  the  body,  ex¬ 
pressing  in  general  terms  what  is  now  known  to  occur  in  particular 
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instances,  for  example  the  hormonal  control,  exerted  by  the  anterior 
pituitary,  over  the  adrenals  and  gonads.  Brown-Sequard's  enthusi¬ 
astic  advocacy  of  the  rejuvenating  effects  of  testicular  extracts  in 
1889  and  after,  when  he  was  a  septuagenarian,  though  more  pathetic 
than  convincing,  did  much  to  focus  research  on  the  internal  secretions. 
By  this  episode,  it  has  been  said,  "endocrinology  suffered  obstetric 
deformity  in  its  very  birth’  (Evans,  1933). 

Charles  Edouard  Brown-Sequard  (1817-94)  was  born  on  April  8, 
1817,  at  Port  Louis,  Mauritius,  then  a  French  colony;  his  father 
Edward  Brown  (1784-1817),  a  captain  in  the  American  merchant 
service,  was  lost  at  sea  before  his  son’s  birth.  His  mother  Henriette 
Sequard  (1788-1840)  was  born  in  Mauritius  and  of  French  descent. 
When  fifteen  Brown-Sequard  became  a  clerk  in  a  general  store  and 
began  writing  verse,  plays,  and  novels.  Anxious  to  secure  literary 
fame  and  fortune  he  persuaded  his  mother  in  1838  to  accompany  him 
to  Paris,  where  he  submitted  his  writings  to  the  critical  eye  of  Charles 
Nodier  (1783-1844),  who  administered  the  same  cold  douche  that 
Girardin  had  four  years  previously  dashed  on  Claude  Bernard,  namely, 
by  advising  him  to  adopt  some  other  means  of  gaining  a  livelihood .  Thus 
disillusioned  he  turned  to  medicine  with  indefatigable  energy,  adopting 
like  Honore  de  Balzac  (1799-1850)  the  lifelong  habit  of  going  to  bed  at 
8  p.m.  and  getting  up  at  2  a.m.  to  work.  His  student  career  was  in¬ 
terrupted  by  a  severe  infection  due  to  a  dissection  wound,  and  then  by 
the  death  of  his  mother  in  1840 ;  this  so  upset  him  that  he  returned  to 
Mauritius  for  a  time,  but,  resuming  his  medical  work  in  Paris,  he  ob¬ 
tained  the  doctorate  in  1846  with  a  thesis  on  experimental  research  on 
the  physiology  of  the  spinal  cord,  a  subject  he  later  investigated  and 
with  which  his  name  will  always  be  associated  (hemi-section,  1 849,  hemi¬ 
plegia  with  crossed  anaesthesia,  1850).  In  1848  with  Claude  Bernard, 
C.  Robin  (1821—85),  F.  A.  E.  Follin  (1823—67),  and  other  pupils  of 
P.  F.  O.  Rayer  (1793-1867)  he  took  part  in  founding  the  Societe  de 
biologie  to  which  he  contributed  to  the  end  of  his  life.  During  the 
coup  cl  ctcit  of  1852  he  found  it  advisable  to  leave  France,  and  he  made 
the  first  of  his  sixty  or  more  voyages  across  the  Atlantic,  choosing  a 
sailing  vessel  so  that  he  might  have  time  to  learn  English.  In  New  York 
he  carried  on  physiological  research,  taught  French,  and  did  cheap 
midwifery  for  a  living,  and  collaborated  in  a  treatise  on  obstetrics  which 
contained  some  new  physiological  information  about  gestation  and 
respiration  in  the  newly  born ;  this  work  was  translated  into  French, 
and  was  sufficiently  successful  to  enable  him  to  marry  Helen  Fletcher, 
niece  of  the  orator  Daniel  Webster  (1782-1 852),  in  1853.  He  had  now 
become  a  restless  wanderer  with  a  homing  instinct  for  Paris,  whither 
he  now  returned,  but  failing  to  find  occupation  he  rushed  to  Mauritius, 
where  he  rendered  such  good  service  during  a  cholera  epidemic  that 
the  municipality  of  St.  Louis  struck  a  medal  in  his  honour.  Later  on, 
in  1854,  he  went  to  Richmond,  Virginia,  as  professor  of  physiology; 
this,  however,  was  quite  a  temporary  interlude,  for  in  1855  he  was  back 
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in  Paris  sharing  a  small  laboratory  with  Robin  and  taking  pupils, 
among  them  Westplial  and  Rosenthal.  At  this  time  he  carried  out 
experiments  on  the  central  nervous  system  anti  on  the  adrenals,  and 
started  and  almost  single-handed  kept  alive  the  Journal  de  physiologie 
de  Vhomme  et  des  animaux  (1858-64).  In  1858  he  gave  a  course  of  six 
lectures  at  the  Royal  College  of  Surgeons  of  England  on  the  physiology 
and  pathology  of  the  central  nervous  system  which  were  published 
in  the  Lancet ;  as  a  result  arrangements  were  at  once  made  for  him  to 
lecture  in  Edinburgh,  Glasgow,  and  Dublin.  He  then  started  practice 
at  8 1  Wimpole  Street,  and  when  the  National  Hospital  for  the  Paralysed 
and  Epileptic,  Queen  Square,  was  opened  in  1859,  he  and  Dr.  J.  S. 
Ramskill  (1824-97)  were  appointed  physicians;  in  the  same  year  he 
was  elected  F.R.C.P.  In  February  of  the  next  year  he  gave  the  Goul- 
stonian  lectures  on  the  diagnostic  value  and  modes  of  production  of 
the  various  symptoms  of  cerebral  disease ;  in  the  following  J une  he 
was  elected  F.R.S.  and  gave  the  Croonian  lecture  before  that  Society 
on  the  relation  between  muscular  irritability,  cadaveric  rigidity,  and 
putrefaction.  By  his  influential  advice  he  rendered  a  great  service  to 
neurology  in  diverting  Hughlings  Jackson  (1835-1911)  to  the  special 
investigation  of  nervous  diseases ;  after  practising  at  York  for  a  few 
years  Hughlings  Jackson  was  on  the  point  of  giving  up  medicine  for 
philosophy  and  a  literary  career,  but  was  dissuaded  from  this  by 
his  friend  Jonathan  Hutchinson  (1828-1913),  and  the  two  were  pro¬ 
posing  to  collaborate.  Brown-Sequard,  however,  convinced  Jackson 
that  if  he  wished  to  do  real  work  he  would  be  much  more  likely  to  suc¬ 
ceed  if  he  devoted  his  energies  to  neurology  rather  than  to  the  observa¬ 
tion  of  disease  in  general.  In  1862  Jackson  was  elected  assistant 
physician  to  the  National  Hospital  for  the  Paralysed  and  Epileptic, 
Queen  Square.  Brown-Sequard  felt  uneasy  about  the  way  private 
practice  interfered  with  research  work  ;  whether  for  this  reason  or/ and 
partly  to  please  his  wife,  he  left  London  in  1864  for  America.  Harvard 
then  created  a  special  chair  of  the  physiology  and  pathology  of  the 
nervous  system,  and  he  had  every  intention  of  staying  there  per¬ 
manently.  In  1867  his  wife  died  and  he  precipitately  rushed  off  to 
Paris  ;  here  comfort  came  from  work,  for  with  Charcot  and  Vulpian  he 
founded  Les  Archives  de  physiologie  normale  et  pathologique,  and  in 
1869  was  made  professor  of  comparative  pathology  in  the  Medical 
Faculty  of  Paris  and  held  the  chair  till  1872.  But  in  1870,  the  year 
of  the  Franco -Prussian  War,  he  was  again  in  America,  and  with 
Sequin  started  The  Archives  of  Scientific  Medicine,  which  had  five 
monthly  numbers  only.  In  1 872  he  married  Maria  Carlyle  of  Cincinnati. 
Next  year  he  was  wandering  about  in  Europe,  worried  about  the  health 
of  his  wife  who  died  in  1874;  at  this  time,  though  in  financial  straits, 
he  declined  the  chair  of  physiology  in  Glasgow  on  account  of  the  climate. 
In  1875  he  was  in  New  York,  but  in  the  following  year  he  was  back  in 
Paris,  and  in  July  lectured  on  the  physiological  pathology  of  the  brain 
at  the  Royal  College  of  Physicians  of  London  ;  these  lectures  were  not 
up  to  his  former  standard  and,  partly  from  the  attitude  he  took  up 
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about  the  surgical  treatment,  did  not  enhance  his  reputation.  The 
lectures,  apparently  of  a  special  or  occasional  kind  and  not  of  those 
established  under  any  trust  of  the  College,  were  reported  in  the  Lancet, 
the  last  of  a  number  of  instalments  being  headed  Lecture  I,  part  10. 
In  18  /  /  he  married  as  Ins  third  wife  the  widow  of  Doherty  the  painter, 
and  soon  after  this  accepted  the  chair  of  physiology  at  Geneva ;  this, 
however,  he  could  hardly  have  occupied,  for  in  February  1878,  when 
(  laude  Bernard  died,  he  was  in  America  whence  he  hurried  back  to 
I  ai  is,  and  was  appointed  to  the  vacant  professorship  of  experimental 
medicine  at  the  College  de  France  on  May  26,  1878.  The  prolonged 
wanderings  of  this  ‘scientific  Ulysses’  now  came  to  an  end. 

His  recommendation  of  testicular  extract  as  a  means  of  arresting 
the  changes  of  old  age  excited  much  adverse  criticism.  In  1869  he 
suggested  that  injection  of  semen  into  the  circulating  blood  of  old 
men  would  increase  their  physical  and  mental  powers,  but  did  not 
then  carry  it  out.  In  18/5  he  unsuccessfully  tried  testicular  grafting 
in  guinea-pigs,  but  in  1889  he  employed  hypodermic  injections  of  a 
mixture  of  the  juice  of  the  testes,  the  blood  of  the  spermatic  vein,  and 
water  in  order  to  bring  about  rejuvenation,  and  was  convinced  that 
he  was  much  benefited  by  this  procedure.  As  late  as  1893  he  was 
actively  engaged  in  advocating  the  treatment  of  tabes  dorsalis  by  the 
injection  of  orchitic  extracts,  and  of  acromegaly  by  fluid  obtained 
from  the  spleen,  thyroid,  medulla  of  bones,  and  by  orchitic  extract ; 
he  also  returned  to  the  adrenals  in  reporting  benefit  obtained  by  in¬ 
jecting  adrenalectomized  guinea-pigs  with  a  watery  extract  of  the 
glands. 

He  wrote  about  five  hundred  papers,  and  cared  little  for  anything 
except  physiology,  and  nothing  at  all  for  money ;  on  one  occasion  he 
refused,  though  pressed  to  accept,  the  colossal  fee  of  £10,000  to  go  to  see 
an  American  patient  in  Italy,  because  from  what  he  had  heard  of  the 
case  he  thought  he  was  not  the  best  qualified,  and  recommended 
another  physician. 

In  1889  he  was  ill  with  prostatic  symptoms,  but  recovered  after  his 
orchitic  extract  injections,  and  then  had  whooping  cough.  Early  in 
1 894  he  lost  his  third  wife  and  to  his  mental  distress  was  added  an 
attack  of  phlebitis.  In  March  he  had  a  cerebral  attack,  the  features 
of  which  he  critically  analysed  as  though  those  of  a  patient,  as  is 
shown  in  his  letter  to  a  friend,  Dr.  W.  D.  Waterhouse.  He  died  on 
April  1,  1894. 

Rouget,  F.,  Brown-Sequard  et  son  Qduvre,  Mauritius,  1930. 

Shortly  after  the  middle  of  the  last  century  deficiency  of  the 
adrenals  was  recognized,  but  mainly  in  the  form  of  failure  of  an 
assumed  detoxicating  function,  which  allowed  toxaemia  to  occur,  and 
not  from  diminution  or  absence  of  a  secretion  essential  to  the  well¬ 
being  of  the  body  as  a  whole. 

In  1856  Brown-Sequard  from  experimental  removal  of  the  adrenals 
concluded  that  they  were  absolutely  essential  to  life,  that  they  removed 
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from  the  blood  a  substance  which  developed  into  pigment,  and  that 
after  their  removal  pigment  collected  in  the  blood  which  became 
poisonous.  Though  these  statements  were  disputed,  the  adrenals  being 
regarded  as  unnecessary  to  life,  and  Brown-Sequard’s  results  ascribed 
to  operative  trauma  of  the  sympathetic,  the  hypothesis  of  their  anti¬ 
toxic  function  had  a  number  of  supporters  and  was  not  finally  aban¬ 
doned  until  Oliver  and  Schafer  in  1894  discovered  the  pressor  principle 
(adrenaline)  in  the  adrenal  medulla. 

In  the  case  of  other  glands  the  same  hypothesis,  that  they  normally 
antagonized  or  neutralized  a  poison  and  that  their  insufficiency  thus 
led  to  toxaemia,  arose.  Even  as  late  as  1917  Noel  Paton  (1859-1928) 
and  Findlay  argued  that  the  parathyroids  detoxicated  guanidine. 
The  present  explanation,  namely,  that  the  symptoms  of  insufficiency 
are  due  to  the  absence  of  a  secretion  necessary  to  and  present  in 
health,  was  first  established  in  the  case  of  the  thyroid,  which  in  the 
early  stages  of  the  experimental  elucidation  of  endocrine  physiology 
and  pathology  was  the  gland  mainly  employed. 

The  descriptions  of  myxoedema  by  W.  W.  Gull  (1816-90)  in  1873 
and  by  W.  M.  Ord  (1834-1902)  in  1877,  and  of  post-operative  myx¬ 
oedema  (cachexia  strumipriva)  by  J.  L.  Reverdin  (1842-1929)  and 
A.  Reverdin  (1849-1908)  in  1882-3,  and  by  T.  Kocher  (1841-1917) 
in  1883  stimulated  physiological  investigation  by  Moritz  Schiff  (1823- 
96)  and  Horsley  (1857-1916)  in  1884,  Fuhr  in  1885,  Munk  in  1887, 
and  others.  The  scientific  conclusion  that  myxoedema,  cachexia 
strumipriva,  and  cretinism  are  all  due  to  an  inadequate  secretion  of 
the  thyroid  gland,  first  suggested  in  1883  by  Felix  Semon  (1849- 
1921)  and  proved  experimentally  by  Horsley  in  1888,  is  the  second 
peak  in  the  history  of  the  endocrine  glands.  The  establishment  of 
this  jmnciple  of  hormonic  insufficiency  was  in  1890  logically  followed 
by  Horsley’s  suggestion  of  substitution  treatment  by  grafting  an 
animal’s  thyroid  into  a  myxoedematous  patient ;  this  was  performed 
in  1890  by  Bettencourt  and  Serrano  of  Lisbon  with  immediate  benefit 
which,  however,  further  experience  showed  to  be  temporary  only, 
because  the  implanted  glands  soon  underwent  absorption ;  as  Albert 
Kocher,  who  in  1923  advocated  revival  of  this  treatment,  said,  the 
graft  is  ‘simply  eaten  up’  by  the  sub-thyroid  patient,  unless  this  is 
obviated  by  the  administration  of  thyroid  by  the  mouth. 

In  1890  G.  R.  Murray  came  to  the  conclusion  that  logically 
myxoedema  should  be  benefited  by  the  hypodermic  injection  of 
thyroid  juice,  and  after  encouragement  from  Horsley  (vide  Stephen 
Paget’s  Sir  Victor  Horsley:  A  Study  of  his  Life  and  Work,  p.  65) 
published  this  suggestion  early  in  1891  ;  a  further  article  in  October 
of  the  same  year  recorded  the  progress  of  the  case  as  the  result  of 
treatment  by  hypodermic  injection  of  a  glycerine  extract  of  a  sheep’s 
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thyroid  since  April.  The  patient,  a  woman  aged  46  years,  lived  to  be 
74,  and  during  these  28  years  took  the  equivalent  of  870  sheep’s 
thyroids.  In  the  same  number  of  the  British  Medical  Journal  as 
Murray’s  second  paper  Hurry  Fenwick  reported  a  case  similarly 
treated  and  emphasized  the  resulting  diuresis,  but  not  other  beneficial 
effects,  and  indeed  ascribed  myxoedema  to  perverted  renal  function 
and  not  to  thyroid  deficiency.  In  1892  Hector  Mackenzie  (1856- 
1929)  and  E.  L.  Fox  independently  in  the  same  number  of  the  British 
Medical  Journal  (October  29,  1892)  recorded  success  from  the  oral 
administration  of  thyroid  preparations,  and  F.  Howitz  (1828-1912) 
of  Copenhagen  obtained  a  similar  result.  This  effective  treatment 
of  hormone  deficiency  is  the  third  peak  in  the  history  of  the  endo¬ 
crine  glands.  It  became  clear  that  the  substitution  treatment  was 
not  a  permanent  cure,  but  had  a  temporary  effect  only,  and  therefore 
must  be  repeated ;  later  the  same  was  found  to  be  true  with  regard 
to  insulin,  pituitrin  in  diabetes  insipidus,  liver  or  stomach  extract  in 
pernicious  anaemia,  and  the  hormone  of  the  adrenal  cortex  in 
Addison’s  disease. 

The  conception  of  disease  due  to  excess  of  a  normal  hormone  now 
appears  to  be  a  natural  corollary  of  the  proof  that  absence  or  diminu¬ 
tion  in  the  normal  activity  of  a  gland  (the  thyroid)  causes  morbid 
results.  But  although  the  causation  of  myxoedema  was  clear  before 
1890  the  general  recognition  of  excessive  glandular  activity  was 
established  slowly.  It  was  first  suggested  by  L.  Rehn  (1847-1930)  in 
1884  in  the  case  of  Graves’s  disease,  and  was  built  up  gradually  by  the 
following  considerations :  the  enlargement  of  the  thyroid  in  Graves’s 
disease,  the  antithesis  of  myxoedema  and  Graves’s  disease  ;  the  pro¬ 
duction  by  excessive  doses  of  thyroid  gland  substance  of  symptoms 
(thyroidism)  more  or  less  resembling  those  of  Graves’s  disease,  an 
extreme  example  being  von  Notthaft’s  patient  in  1898  who,  after 
taking  a  thousand  tablets  of  thyroid  gland  substance  in  five  weeks, 
developed  the  complete  picture  of  Graves’s  disease  which  gradually 
disappeared  after  this  treatment  was  discontinued ;  to  some  extent 
Greenfield’s  demonstration  of  histological  hyperplasia  and  over¬ 
activity  of  the  thyroid  in  Graves’s  disease  in  1893  ;  the  correlation  in 
1894  by  Tamburini  (1848-1919)  of  acromegaly  with  hypertrophy  and 
over-activity  of  the  pituitary;  and  the  occurrence  in  acromegaly  of 
hyperplasia  of  the  eosinophil  cells  in  the  anterior  lobe  of  the  pituitary 
by  Benda  in  1900  and  Dean  Lewis  in  1905.  It  was  therefore  not  until 
well  on  in  this  century  that  hyperthyroidism  (exophthalmic  or  toxic 
goitre)  and  hyperpituitarism  (acromegaly)  were  generally  accepted. 

The  conception  that  an  abnormal  secretion  of  a  ductless  gland  (the 
thyroid)  might  cause  disease  (exophthalmic  or  toxic  goitre)  was  put 
forward  in  1886  and  elaborated  in  1896  by  P.  J.  Mobius  (1854- 
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1907),  and  supported  in  1893  by  W.  S.  Greenfield  (1846-1919),  who 
in  the  Bradshaw  lecture  described  hyperplasia  of  the  thyroid  which 
was  regarded  as  responsible  for  4  exaggerated  but  probably  perverted 
function’  by  Janney  in  1922,  and  by  H.  S.  Plummer  in  1926.  The 
t  view  that  multiglandular  insufficiency  caused  morbid  states  dates 
from  1907.  There  are  therefore  four  mechanisms  by  which  endocrine 
disorder  may  conceivably  cause  disease.  Of  these  the  first  two  are 
quantitative,  the  third  qualitative  alterations  in  the  secretion  of  a 
single  gland,  and  the  fourth  postulates  primary  alterations  in  the 
hormonic  activity  of  several  glands. 

( 1 )  Absence  or  diminution  of  a  normal  hormone  causing  diseases, 
such  as  cretinism,  myxoedema,  hypopituitarism,  Addison’s  disease, 
and  parathyroid  tetany,  which  are  analogous  to  the  subsequently 
recognized  deficiency  diseases  or  avitaminoses. 

(2)  Excessive  secretion  of  a  normal  hormone,  as  in  hyperthyroid¬ 
ism,  and  in  the  more  recently  detected  conditions  of  hyperpitui¬ 
tarism,  hyperparathyroidism,  and  hyperinsulinism  (hypoglycaemia). 
Theoretically  an  excessive  secretion  may  be  relative  only,  namely, 
as  the  result  of  a  diminished  quantity  of  an  antagonizing  hormone, 
so  that  the  endocrine  balance  is  upset. 

(3)  A  secretion  abnormal  in  character — a  qualitative  change  due 
to  dysfunction.  The  conception  of  a  production  of  an  abnormal  pro¬ 
duct  by  an  endocrine  gland  showing  an  altered  structure  is  certainly 
attractive.  It  has,  however,  been  subjected  to  destructive  criticism, 
especially  of  late  years,  on  the  ground  of  absence  of  any  definite 
evidence  of  the  chemical  existence  of  an  altered  secretion.  In  refer¬ 
ence  to  the  thyroid  gland  Harington  (1933)  pointed  out  among  other 
arguments  that  there  is  not  any  difference  between  the  hyperplasia 
of  the  thyroid  in  exophthalmic  goitre  and  that  which  occurs  in  a 
normal  gland  in  response  to  a  deficiency  of  iodine.  By  employing  the 
terms  dysthyroidism  and  dyspituitarism  for  mixed  syndromes  of 
hypo-  and  hyper- thyroidism  and  of  hypo-  and  hyper-pituitarism  re¬ 
spectively,  Cushing  referred  to  a  quantitative  rather  than  a  quali¬ 
tative  alteration,  but  his  further  definition  of  the  condition  as  one 
other  than  deficient  and  excessive  secretion  would  include  those  due 
to  secretions  altered  in  their  character  and  action ;  in  1912  he  spoke 
of  4 a  perverted  or  exaggerated  secretion’  of  the  anterior  pituitary 
hormone  in  acromegaly. 

(4)  The  conception  of  multiple  endocrine  responsibility  for  clinical 
symptoms  is  not  so  sharply  defined  as  that  in  which  one  endocrine 
secretion  appears  to  be  deficient  or  absent  as  shown  by  a  return  to 
the  normal  when  the  corresponding  secretion  is  artificially  supplied : 
for  example,  thyroxine  in  hypothyroidism  or  myxoedema,  or  insulin 
in  diabetes  inellitus.  The  multiglandular  conception  has  therefore, 
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and  perhaps  inevitably,  stimulated  speculation  and  some  almost 
romantic  hypotheses.  The  notion  of  multiglandular,  more  often— 
but  etymologically  less  correctly— called  polyglandular  syndromes, 
due  to  disorder  ol  more  than  one  endocrine  gland,  dates  from  1907, 
when  Claude  and  Gougerot  described  functional  insufficiency  of 
several  endocrine  glands  appearing  simultaneously  in  the  same  sub¬ 
ject  and  producing  a  special  clinical  picture ;  they  recorded  the  case 
of  a  man  aged  47  years  with  chronic  pulmonary  tuberculosis,  wasting, 
and  loss  of  sexual  power;  these  symptoms  were  ascribed  to  in¬ 
sufficiency  of  the  thyroid,  adrenals,  and  testes.  In  the  following  year 
in  longer  papers  they  expanded  their  definition  to  the  effect  that 
several  endocrine  glands  may  be  attacked  simultaneously  or  succes¬ 
sively  by  the  same  or  various  factors  and  so  cause  a  clinical  picture 
of  a  complex  character.  In  these  papers  they  stated  that  other 
observers  had  described  a  similar  syndrome  but  had  regarded  it  as 
due  to  insufficiency  of  one  gland,  usually  the  thyroid.  As  the  corol¬ 
lary  of  the  view  that  several  endocrine  glands  are  inadequate  they 
advocated  treatment  by  extracts  of  the  affected  glands,  such  as  the 
thyroid,  adrenals,  and  testes ;  this  lead  has  been  followed  by  poly¬ 
pharmacy  on  a  large  scale  and  often  without  any  critical  basis. 

The  conception  of  multiglandular  insufficiency  was  suggested  be¬ 
fore  Eppinger,  Falta,  and  Rudinger  of  Vienna  in  1908  brought  for¬ 
ward  the  interaction  and  interdependence  of  the  endocrine  glands, 
from  which  the  conception  of  the  endocrine  balance  and  the  present 
interpretation  of  multiglandular  syndromes  have  been  evolved ;  for 
the  inter-relations  of  the  endocrine  glands  would  probably  have 
suggested  that  a  disturbance  of  the  normal  relations  would  be  followed 
by  morbid  manifestations.  Whereas  Claude  and  Gougerot  visualized 
inadequacy  of  several  endocrine  glands  as  the  result  of  some  factor, 
such  as  toxaemia,  consideration  of  the  close  and  complex  inter-rela¬ 
tions  of  the  endocrine  glands  suggests  that,  whenever  one  endocrine 
gland  is  disordered  or  damaged,  the  endocrine  balance  will  be  upset 
and  the  results  will  really  be  a  multiglandular  syndrome.  Logically 
a  pure  uniglandular  syndrome  should  not  occur.  Cushing  (1912)  de¬ 
precated  the  perpetuation  of  the  term  ‘  multiglandular  syndrome’  as  a 
clinical  entity  unless  it  is  understood  that  it  usually  implies  a  primary 
fault  in  one  gland  and  secondary  derangement  in  the  correlated 
endocrine  glands ;  he  employed  the  term  in  those  instances  only  in 
which  it  was  difficult  to  determine  which  gland  is  primarily  affected. 
At  this  comparatively  early  period  he  recorded  a  number  of  cases  in 
which  the  pituitary  was  the  primary  cause  of  symptoms  pointing  to 
disorder  of  other  endocrine  glands,  and  twenty  years  later  emphasized 
the  liability  of  the  other  endocrine  glands  to  disorder  from  primary 
derangement  of  the  pituitary.  In  1913  T.  R.  Elliott  threw  out  a  warn- 
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mg  that  too  facile  acceptance  of  the  multiglandular  syndrome  might 
engender  4  careless  clinical  analysis’,  and  Means  (1932)  expressed  this 
caveat  as  follows :  4  There  has  been  much  loose  talk  about  poly¬ 
glandular  syndromes.  Such  terminology  is  usually  a  cloak  to  igno¬ 
rance  of  the  real  pathology  of  a  given  case.  As  examples  of  syndromes 
m  which  several  endocrine  glands  appear  to  be  affected  but  it  is 
doubtful  which  is  primarily  responsible,  reference  may  be  made  to 
the  thymus-suprarenal-pituitary-compensatory  syndrome  (Timme, 
1918),  and  rare  cases  of  primary  carcinoma  of  the  thymus  (Duguid 
and  Kennedy,  1930  ;  Leyton,  Turnbull,  and  Bratton,  1931)  which 
may  have  some  relation  to  the  diabetes  of  bearded  women  (p.  368). 
But  just  as  in  acromegaly  there  are  multiglandular  manifestations, 
especially  in  the  thyroid,  so  Cushing  (1932)  has  shown  that  basophil- 
celled  adenomas  of  the  anterior  pituitary,  so  small  as  to  be  overlooked, 
may  be  associated  with  manifestations  very  similar  to  those  just 
mentioned  and  to  those  described  as  the  adrenocortical  syndrome. 
Zondek  (1935)  limited  the  adjective  multiglandular  to  morbid  condi¬ 
tions  in  which  at  an  early  stage  signs  occur  simultaneously  or  in  rapid 
succession  indicating  involvement  of  several  endocrine  organs  in 
conjunction. 

The  discovery  of  thyrotropic,  adrenotropic,  gonadotropic,  and 
other  hormones  in  the  anterior  pituitary  has  an  obvious  bearing  on 
this  much  discussed  question  of  multiglandular  syndromes ;  thus 
toxic  goitre  may  possibly  be  primarily  due  to  excessive  secretion 
of  the  pituitary  thyrotropic  hormone  which  acts  on  the  thyroid ; 
possibly  hyperpituitarism,  by  producing  over-activity  of  other  endo¬ 
crine  glands,  may  have  a  responsibility  wider  even  than  is  now 
recognized.  It  is  indeed  conceivable  that  the  normal  amount  of  the 
secretion  of  a  normal  anterior  pituitary  may,  if  any  of  the  other 
endocrine  glands,  such  as  the  adrenals  or  parathyroids,  are  in  a  state 
of  hypersensitiveness  to  the  pituitary  hormones  concerned  with  their 
activity,  produce  hyperplasia  and  thereby  a  clinical  picture,  such  as 
the  adreno-genital  syndrome,  and  that  the  primary  responsibility  of 
the  pituitary  may  not  be  revealed  by  any  structural  change.  Con¬ 
versely  hypopituitarism  may  be  found  to  be  responsible  for  atrophy 
and  inadequacy  of  other  endocrine  glands,  such  as  the  thyroid,  ad¬ 
renals,  and  gonads. 

Addison,  T.,  On  the  Constitutional  and  Local  Effects  of  Disease  of  the  Supra- 
Renal  Capsules,  Lonci.,  1855;  Benda,  C.,  Berlin,  klin.  Wchnschr.,  1900,  xxxvii. 
1205;  Bettencourt,  R.,  et  Serrano,  Semaine  mid.,  Paris,  1890,  x.  294; 
Bernand,  C.,  Lemons  de  physiologie  experimental,  Paris,  1855,  p.  100;  idem, 
Legons  sur  les  phenomenes  de  la  vie  commune  aux  animaux  et  aux  vegetaux,  Paris, 
1878-9;  Brown-Sequard,  C.  E.,  Arch.  gen.  de  mid.,  Paris,  1856,  5  s.,  viii. 
385,  572;  Brown-Sequard,  C.  E.,  et  D’Arsonval,  A.,  Cornpt.  rend.  Soc.biol., 
Paris,  1891,  9  s.,  iii.  248;  Cushing,  H.,  The  Pituitary  Body  and  its  Disorders, 
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Philadelphia,  1912,  pp.  24,  213,  252;  Evans,  H.  M.,  Journ.  Am.  Med.  Assoc., 
Chicago,  1933,  ci.  425;  Fenwick,  E.  H.,  Lancet,  1890,  i.  1003;  Fox,  E.  L.,  Brit. 
Med.  Journ.,  1892,  ii.  941 ;  Gley,  E.,  U  Annie  biol.,  1897,  i.  313;  idem,  XVIII 
Internat.  Congress  of  Medicine,  Lond.,  1913,  Sect.  VI,  Medicine,  p.  74;  Green¬ 
field,  W.  S.,  Brit.  Med.  Journ.,  1893,  ii.  1493,  1553;  Gull,  W.  W.,  Trans. 
Clin.  Soc.,  Lond.,  1874,  vii.  18;  Harington,  C.  R.,  The  Thyroid  Gland-,  its 
Chemistry  and  Physiology,  Lond.,  1933,  p.  182;  Henderson,  L.  J.,  The  Blood, 
New  Haven,  1928;  Horsley,  V.,  Proc.  Roy.  Soc.,  Lond.,  1885,  xxxviii.  5; 
Howitz,  F.,  Congr.  naturalist.,  Copenhagen,  1892,  xiv,  517 ;  Janney,  N.  W., 
Endocrinol.,  Los  Angeles,  1922,  vi.  633;  Kocher,  A.,  Brit.  Med.  Journ.,  1923, 
ii.  580;  Kocher,  T.,  Arch.  f.  klin.  Chir.,  Berlin,  1883,  xxix.  254;  Lewis,  D., 
Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1905,xvi.  554 ;  Mackenzie,  VI.,  Brit.  Med. 
Journ.,  1892,  ii.  940;  Mobius,  P.  J.,  Nothnag els  Spec.  Path,  und  Therapie, Wien, 
1886,  xx ;  Murray,  G.  R.,  Brit.  Med.  Journ.,  1891,  ii.  796 ;  Notthafft,  A.  von, 
Centrabl.  f.  inn.  Med.,  Leipz.,  1898,  xix.  353;  Oliver,  G.,  and  Schafer,  E.  A., 
Proc.  Physiol.  Soc.,  p.  1,  ix,  Journ.  Physiol.,  1894,  xvii;  Ord,  W.  M.,  Med.- 
Chir.  Trans.  Lond.,  1878,  lvi.  57;  Paton,  N.,  and  Findlay,  L.,  Quart.  Journ. 
Exper.  Physiol.,  Lond.,  1917,  x,  203,  315;  Plummer,  H.  S.,  The  Thyroid  Gland, 
St.  Louis,  1926;  Rehn,  L.,  Berlin,  klin.  Wchnschr.,  1884,  xxi.  163;  Reverdin, 
J.  L.,  et  Reverdin,  A.,  Rev.  mid.  de  la  Suisse  Rom.,  Geneve,  1883,  iii.  360; 
Schiff,  M.,  Arch.f.  exper.  Path.  u.  Pharmakol.,  Leipz.,  1884,  viii.  25  ;  Semon,  F., 
Brit.  Med.  Journ.,  1883,  ii.  1072  ;  Tamburini,  A.,  Riv.  sper.  di  freniat.,  Reggio- 
Emilia,  1894,  xx.  559. 
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Achard,  C.,  et  Thiers,  Bull.  Acad,  mid.,  Paris,  1921,  3  s.,  lxxxvi.  51 ;  Claude, 
H.,  et  Gougerot,  H.,  Compt.  rend.  Soc.  biol.,  Paris,  1907,  lxiii.  785;  idem,  Rev. 
demid.,  Paris,  1908,  xxviii.  861,  950;  idem,  Journ.  physiol,  et  path,  gin.,  Paris, 
1908,  x.  469;  Cushing,  H.,  The  Pituitary  Body  and  its  Disorders,  Phila,.,  1912, 
p.  213;  idem,  Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1932,  1.  137;  Duguid, 
J.  B.,  and  Kennedy,  A.  M.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1930,  xxxiii.  93  ; 
Elliott,  T.  R.,  Brain,  Lond.,  1913,  xxxv.  306;  Eppinger,  H.,  Falta,  W.,  und 
Rudinger,  C.,  Ztschr.  f.  klin.  Med.,  1908,  lxvi.  1 ;  Leyton,  O.,  Turnbull, 
H.  M.,  and  Bratton,  A.  B.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1931,  xxxiv. 
635 ;  Means,  J.  H.,  Internal  Medicine  (Musser),  Lond.,  1932,  p.  830 ;  Timme,  W., 
Endocrinol.,  Los  Angeles,  1918,  ii.  209;  Zondek,  H.,  Diseases  of  the  Endocrine 
Glands,  Lond.,  1935,  p.  431. 

Neuro-humoralism.  There  is  now  a  growing  body  of  scientific 
evidence  in  support  of  de  Bordeu's  hypothesis  of  1775,  which  Brown- 
Sequard  unconsciously  restated  in  1891  more  than  a  hundred  years 
later,  that  every  organ,  tissue,  and  cell  discharges  into  the  circulation 
products  which  influence  other  parts  of  the  body.  This  expansion  of 
the  belief  that  the  internal  secretions  come  only  from  the  endocrine 
glands  comes  under  the  new  heading  of  neuro-humoralism. 

The  novelty  of  the  conception  of  hormones  contrasts  with  the 
actual  seniority  of  hormonal,  as  compared  with  nervous,  control  of 
the  organism ;  phylogenetically  chemical  control  appears  earlier  in 
the  scale  of  the  animal  kingdom.  Though  appearing  later  in  the 
process  of  evolution  reflex  action  was  recognized  long  before  the 
internal  secretions  were  known. 
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Reflex  action  was  recognized  in  man  by  Rene  Descartes  (1596-1650) 
in  1649,  in  a  decapitated  viper  by  Robert  Boyle  (1627-91),  in  a  de¬ 
capitated  frog  by  J.  Bohn  (1640-1718)  of  Leipzig,  and  in  1784,  nearly  a 
century  later,  by  Georg  Prochaska  (1749-1820)  of  Prag.  It  was  redis¬ 
covered  independently  in  1833  by  Marshall  Hall  (1790-1857),  but  his 
advocacy  did  not  meet  with  ready  acceptance  in  this  country ;  abroad, 
however,  it  was  at  once  welcomed  as  an  epoch-making  advance  by 
Johannes  Muller  (1807-58)  of  Berlin.  Though  a  fellow  of  the  Royal 
Society  from  1832,  he  had  several  subsequent  papers  on  the  subject 
refused  by  that  body  and,  in  a  letter  to  the  Earl  of  Rosse,  President  of 
the  Society,  appealed  ‘  from  the  first  half  of  the  nineteenth  century  to 
the  second’;  this  was  fully  justified  by  results;  disordered  reflexes 
came  to  play  a  great  part  in  the  explanation  of  obscure  nervous  con¬ 
ditions,  as  was  shown  among  other  ways  by  John  Hilton’s  (1804-78) 
book  Rest  and  Pain  (1863),  and  as  recently  as  1922  by  the  dictum  of 
James  Mackenzie  (1858-1925)  that  the  ‘vast  majority  of  the  symptoms 
of  disease  are  disturbances  of  normal  reflexes’.  Whereas  Pavlov 
regarded  the  secretion  of  pancreatic  juice  as  a  reflex  from  the  duodenal 
mucous  membrane,  Bayliss  and  Starling  (1902)  proved  that  the  hydro¬ 
chloric  acid  of  the  gastric  juice  liberated  from  the  epithelial  cells  of  the 
duodenal  mucosa  ‘secretin’  which  specifically  stimulates  the  pancreas. 

In  the  animal  kingdom  the  control  of  the  vegetative  portions  of 
the  body  may  be  nervous  or  humoral,  and  there  is  evidence,  sum¬ 
marized  by  Dale  (1929)  and  G.  H.  Parker  (1932),  that  these  mechan¬ 
isms  may  be  alternative  or  even  combined.  In  crustaceans,  such  as 
shrimps,  contraction  of  the  cutaneous  chromatophores  follows  the 
impingement  of  light  on  the  retina ;  this  might  be  a  reflex,  but  after 
section  of  the  eye-stalk,  injection  of  an  extract  from  the  eye-stalk 
produces  the  same  contraction ;  the  chromatophore-control  may, 
therefore,  be  truly  described  as  neuro-humoral.  That  nervous  im¬ 
pulses  may  act  on  the  effector  cells  at  the  periphery  by  liberating  a 
chemical  substance  was  suggested  in  1904  by  T.  R.  Elliott  in  the 
following  words:  ‘the  facts  suggest  that  the  sympathetic  axons  can¬ 
not  excite  the  peripheral  tissues  except  in  the  presence,  and  perhaps 
through  the  agency,  of  the  adrenalin  or  its  immediate  precursor 
secreted  by  the  sympathetic  paraganglia.’  In  1906  W.  E.  Dixon 
(1871-1931)  obtained  from  a  heart  which  had  been  submitted  to 
vagus  stimulation  an  extract  which  inhibited  the  frog’s  heart  and 
had  a  muscarine-like  effect  which  was  completely  neutralized  by 
atropine.  He  argued  that  ‘pro-inhibitin’  is  stored  up  in  the  vagus 
nerve-endings  in  the  heart,  and  that  from  it  ‘  inhibitin  ’  is  liberated 
when  the  vagus  is  stimulated,  and  that  drugs  which  exert  a  specific 
effect  on  definite  tissues  do  so  by  liberating  the  natural  hormone 
which  normally  activates  the  tissue.  Dixon's  ‘inhibitin'  was  later 
described  as  vagus  substance  (Loewi,  1921),  acetyl-eholine,  and 
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parasympathin.  With  Hamill  in  1909  Dixon  considered  that  the 
physiological  activity  of  muscular  and  glandular  tissue  is  always  due 
to  the  liberation  of  the  specific  hormone  which  combines  with  a 
receptor  substance.  These  observations  did  not  attract  notice,  and 
the  suggestion  passed  unexplored  until  Loewi  of  Graz  in  1921  showed 
that  after  vagal  stimulation  of  a  frog’s  heart  in  Ringer’s  solution  this 
fluid  contained  a  body  which  exerted  vagal  inhibition  on  another 
heart,  and  that  by  stimulation  of  the  accelerator  nerves  of  the  frog’s 
heart  in  similar  conditions  an  accelerator  substance  was  found  in  the 
Ringer’s  solution.  Loewi  called  the  body  produced  by  vagal  stimula¬ 
tion  £  vagus  substance  ’ ;  but  as  the  same  substance  is  also  produced 
by  cranial  autonomic  nerves,  such  as  the  oculomotor  (Englehart, 
1931)  and  the  chorda  tympani  nerve  (Gibbs  and  Szeloczey,  1932), 
Cannon  (1933)  suggested  that  ‘parasympathin’  would  be  a  better 
and  more  inclusive  name.  In  1923  Demoor  as  the  result  of  experi¬ 
ments  had  concluded  that  normally  the  nodal  tissues  act  on  the  heart 
muscle  by  secreting  an  ‘  active  substance  ’  which  controls  the  cardiac 
contractions,  and  in  1924  Haberlandt  isolated  from  the  frog’s 
heart  a  specific  cardiac  hormone.  This  has  been  followed  by  much 
work,  physiological  and  pharmacological,  on  extracts  of  cardiac  muscle 
and  cardiac  hormones.  But  there  have  not  been  wanting  opinions  of 
a  less  definite  nature.  Drury  and  Szent-Gyorgyi  (1930),  for  example, 
stated  that  simple  extracts  of  the  myocardium  when  injected  intra¬ 
venously  into  the  whole  animal  disturb  the  cardiac  rhythm  in  a  con¬ 
stant  and  definite  manner,  and  dilate  the  coronary  and  other  vessels, 
the  responsible  substance  being  adenylic  acid,  adenosine  having  the 
same  effect ;  but  they  considered  that  its  effect  is  not  specific  on  the 
heart  but  is  concerned  with  cellular  activity  in  general. 

Walter  Ernest  Dixon  was  born  at  Darlington  in  1871  and  was 
educated  at  Dulwich  and  St.  Thomas’s  Hospital,  where  he  was  demon¬ 
strator  of  physiology  and  Salters’s  research  fellow  in  pharmacology. 
In  1906  he  was  appointed  professor  of  materia  medica  and  pharma¬ 
cology  at  King’s  College,  London.  While  still  retaining  this  post  he 
came  to  Cambridge  in  October  1899  as  assistant  to  the  Downing 
professor  of  medicine  and  combined  the  two  posts  until  1919,  when 
he  became  University  reader  in  pharmacology  and  assessor  to  the 
Regius  professor  of  physic.  In  191 1  he  was  elected  a  fellow  of  the  Royal 
Society,  and  from  1915  until  the  end  of  the  war  he  was  an  intelligence 
officer  in  Spain,  camouflaged  under  the  rank  of  t  emporary  surgeon - 
lieutenant,  Royal  Navy.  Dixon  was  a  very  active  physiological  and 
pharmacological  worker,  constantly  experimenting,  full  of  original 
ideas,  and  an  inspiring  teacher.  His  work  with  T.  G.  Brodie  (1866- 
1916)  in  1903  on  the  nature  of  asthma  was  a  milestone  in  the  history 
of  that  disease.  His  suggestion  in  1924,  with  F.  H.  A.  Marshall,  of  the 
influence  of  the  ovary  on  the  pituitary  preceded  the  recognition  of 
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the  gonadotropic  hormone  of  the  anterior  pituitary.  At  Cambridge  the 
ordinances  with  reference  to  the  age  limit  of  professorial  chairs  acted 
adversely  for  Dixon :  the  occupant  of  the  Downing  chair  of  medicine 
went  on  until  his  death  in  his  ninetieth  year,  and  then  Dixon  could  not 
have  held  the  chair  for  more  than  five  years.  The  high  appreciation 
of  his  service  to  medical  science  was  shown  by  the  Dixon  Memorial 
Lectureship  at  the  Royal  Society  of  Medicine  and  a  Walter  Dixon 
Scholarship  at  the  British  Medical  Association.  He  died  quite  sud¬ 
denly  on  August  16,  1931. 

With  regard  to  the  peripheral  circulation  there  is  good  evidence 
that  when  parasympathetic  nerves  are  stimulated  acetyl-choline  is 
liberated  at  their  termination  (Dale,  1929  ;  Dale  and  Gaddum,  1930). 
Cannon  and  Bacq  (1931)  showed  that  stimulation  of  the  sympathetic 
to  smooth  muscle  in  the  intestine,  uterus,  and  skin  led  to  the  libera¬ 
tion  of  a  substance  called  c  sympathin  ’  which  resembles  adrenaline  in 
some  respects,  but  was  later  found  (Cannon  and  Rosenblueth,  1931) 
to  be  different  and  to  be  of  two  forms.  It  has  also  been  proved  by 
these  workers  that  the  parasympathin  (a  term  suggested  to  designate 
acetyl-choline)  and  sympathin,  liberated  on  stimulation  of  the 
parasympathetic  and  sympathetic  nerves,  are  absorbed  into  the 
blood-stream  and  induce  their  effects  in  different  parts  of  the  body. 
The  evidence  obtained  by  Cannon  and  his  co-workers  is  that  the 
hormonal  bodies  liberated  on  stimulation  of  the  autonomic  system 
are  produced  in  the  cells  of  the  muscle  or  other  tissue  rather  than 
liberated  from  the  nerve  filaments. 

Acetyl-choline  was  prepared  in  the  chemical  laboratory  in  1894  by 
Nothnagel,  and  thus,  like  histamine,  was  isolated  by  chemists  long  before 
its  physiological  properties  attracted  attention.  Its  depressor  effect 
was  described  by  Hunt  and  Taveau  (1906),  and  in  1914  Ewins  isolated 
it  from  ergot  in  which  Dale  had  anticipated  its  presence  from  its  physio¬ 
logical  reactions.  It  was  shown  to  be  the  intermediary  between  stimu¬ 
lation  of  the  parasympathetic  and  the  response  of  smooth  muscular 
tissue.  It  has  been  found  in  the  spleen  and  may  be  regarded  as  a 
normal  constituent  of  the  body.  Its  effects,  such  as  vagus  inhibition 
of  the  heart  and  fall  of  blood-pressure,  are  a  thousand  times  more  active 
than  those  of  choline,  but  are  extremely  transient.  It  is  rapidly 
hydrolysed  in  the  blood  into  choline  and  acetic  acid. 

Reference  may  be  made  to  histamine,  the  action  of  which  in  some  re¬ 
spects  resembles  that  of  acetyl -choline.  Histamine  is  the  amine  deriva¬ 
tive  of  the  amino -acid  histidine  and  is  formed  by  bacterial  action  in 
the  intestine.  It  has  been  isolated  from  muscle,  liver,  and  lung  (Best, 
Dale,  Dudley,  and  Thorpe,  1927),  but  it  is  never  free  in  the  tissues  as  it 
is  probably  at  once  destroyed  by  their  enzymes  (Best,  1929).  It  was 
made  synthetically  in  1907  by  Windaus  and  Vogt,  and  Barger  and  Dale 
in  1910  isolated  it  from  ergot.  Histamine,  with  which  Thomas  Lewis’s 
H-substance  is  probably  identical  (Dale,  1929),  is  liberated  by  tissue 
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cells  in  response  to  irritation  or  injury,  and  may  be  regarded  as  the 
physiological  agent  of  the  relaxation  of  the  tone  of  small  blood-vessels. 

N euro -humor  alism. 

Bayliss,  W.  M.,  and  Starling,  E.  H.,  Journ.  Physiol.,  Lond.,  1902,  xxviii. 
325;  Bohn,  J.,  C ir cuius  anatomico-physiologicus,  Leipz.,  1686;  Cannon,  W.  B., 
‘Chemical  Mediators  of  Autonomic  Nerve  Impulses’,  Science ,  1933,  lxxviii.  43  ; 
Cannon,  W.  B.,  and  Bacq,  Z.  M.,  Am.  Journ.  Physiol.,  1931,  xcvi.  392  ;  Cannon, 
W.  B.,  and  Rosenblueth,  A.,  ibid.,  1932,  xcix.  398  ;  Dale,  H.  H.,  Lancet,  1929, 
i.  1285;  Dale,  H.  H.,  and  Gaddum,  J.  H.,  Journ.  Physiol.,  Lond.,  1930,  lxx. 
109;  Descartes,  R.,  Des  passions  de  V dme,  1649;  Dixon,  W.  E.,  Brit.  Med. 
Journ.,  1906,  ii.  1807,  and  Med.  Mag.,  Lond.,  1907,  xvi.  457 ;  Dixon,  W.  E., 
and  Hamill,  P.,  Journ.  Physiol.,  Cambridge,  1909,  xxxviii.  314;  Drury, 
A.  N.,  and  Szent-Gyorgyi,  A.,  Journ.  Physiol.,  Lond.,  1929-30,  lxviii.  214; 
Elliott,  T.  R.,  Journ.  Physiol.,  Lond.,  1904,  xxxi,  Proc.  Physiol.  Soc.,  xx ; 
Englehart,  E.,  Klin.  Wchnschr.,  1931,  x.  26;  Gibbs,  O.  S.,  und  Szeloczey,  J., 
Arch.  f.  exper.  Path.  u.  Pharmakol.,  Leipz.,  1932,  clxviii.  64;  Loewi,  O.,  Arch, 
f.  d.  ges.  Physiol.,  Berlin,  1921,  clxxxix.  239;  1922,  cxciii.  201  ;  Mackenzie,  J., 
Reports  of  St.  Andrews  Institute,  1922,  i.  54;  Parker,  G.  H.,  Humoral  Agents  in 
Nervous  Activity,  Cambridge,  1932. 

Acetyl -choline. 

Dale,  H.  H.,  Proc.  Physiol.  Soc.,  p.  iii,  Journ.  Physiol.,  1914,  xlviii ;  idem. 
Lancet,  1929,  i.  1285  ;  Ewins,  A.  J.,  Biochem.  Journ.,  Cambridge,  1914,  viii.  44  ; 
Hunt,  R.,  and  Taveau,  Brit.  Med.  Journ.,  1906,  ii.  1788;  Nothnagel,  Arch, 
der  Pharmac.,  Berlin,  1894,  ccxxxii.  266. 

Histamine. 

Barger,  G.,  and  Dale,  H.  H.,  Proc.  Physiol.  Soc.,  p.  xxxvii,  Journ.  Physiol. 
1910,  xl;  Best,  C.  H.,  Journ.  Physiol.,  Lond.,  1929,  lxvii.  256;  Best,  C.  H., 
Dale,  H.  H.,  and  Dudley,  H.  W.,  Journ.  Physiol.,  1927,  lxii.  397  ;  Dale,  H.  H., 
Lancet,  1929,  i.  1233  ;  Lewis,  T.,  The  Blood-Vessels  of  the  Human  Skin  and  their 
Responses,  Lond.,  1927 ;  Windaus  und  Vogt,  Ber.  d.  deutsch.  chem.  Gesell. 
1907,  xi.  3691. 

Secreting  Adenomas  of  Endocrine  Glands.  It  is  clinically 
clear  that  primary  tumours,  innocent  adenomas,  and  less  often 
carcinomas,  of  the  endocrine  glands  manufacture  an  internal  secre¬ 
tion  which  is  often  excessive  in  quantity  or  possibly,  though  this  is 
not  proved  and  widely  doubted,  abnormal  in  quality.  Before  know¬ 
ledge  of  the  endocrine  glands  had  made  much  progress  it  was  an 
axiom  that  tumours  were  devoid  of  functional  activity  and  thus 
different  from  normal  tissues  ;  it  is  true  that  at  that  time  the  transi¬ 
tion  from  hyperplasia  to  an  adenoma  was  not  taken  into  account  in 
connexion  with  this  text-book  dictum.  Tumours  of  ordinary 
secretory  glands  rarely  communicate  with  the  normal  ducts  so  that 
their  secretions,  or  cellular  products,  collect  in  the  tumour  and 
damage  the  tumour  cells  (Nicholson).  M.  P.  Peris  (1843-81)  in  1877 
described  a  bile-like  substance  in  a  primary  carcinoma  of  the  liver, 
as  did  Paul  independently  in  1885.  An  early  and  impressive  demon¬ 
stration  of  the  physiological  activity  of  a  malignant  thyroid  metastasis 
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was  recorded  in  1894  by  von  Eiselsberg ;  after  removal  of  an  enlarged 
thyroid  myxoedema  appeared,  but  with  the  development  of  a  tumour 
over  the  sternum  these  symptoms  disappeared ;  removal  of  this 
secondary  growth  was  followed  by  a  return  of  myxoedema. 

It  may  perhaps  be  pointed  out  that  in  obstructive  jaundice,  due 
to  the  pressure  of  a  tumour  on  the  large  ducts  of  the  liver,  the  normal 
external  secretion  of  bile,  by  passing  into  the  blood,  becomes  a 
pathological  internal  secretion. 

The  size  of  an  enlarged  endocrine  gland  or  of  a  tumour  arising  in 
them  is  not  any  guide  to  the  degree  of  its  functional  activities ;  a 
simple  goitre  without  any  symptoms  other  than  those  produced 
mechanically  may  reach  a  very  large  size,  whereas  a  small  para¬ 
thyroid  adenoma,  and  an  adenoma  of  the  islands  of  Langerhans,  may 
produce  generalized  osteitis  fibrosa  cystica,  and  spontaneous  hypo- 
glycaemia  from  hyperinsulinism  respectively.  Parkes  Weber  (1936) 
collected  a  large  number  of  cases  of  tumours  of  endocrine  glands,  and 
thus  illustrated  their  power  of  providing  an  internal  secretion. 

The  presence  of  an  active  secreting  adenoma  of  an  endocrine  gland 
may  render  unnecessary  or  perhaps  inhibit  normal  secretion,  so  that 
when  the  adenoma  is  removed,  for  example  of  one  parathyroid,  the 
symptoms  of  hypoparathyroidism  (tetany)  appear,  although  appa¬ 
rently  sufficient  amount  of  parathyroid  tissue  remains  in  the  body  but 
does  not  at  once  resume  activity. 

Eiselsberg,  A.  von,  Arch.f.  klin.  Chir.,  Berlin,  1894,  xlviii.  339;  Nicholson, 
G.  W.,  Guy's  Hosp.  Rep.,  Lond.,  1933,  lxxxiii.  273;  Paul,  F.  T.,  Trans.  Path. 
Soc.  Lond.,  1885,  xxxvi.  238;  Perls,  M.  P.,  Lehrbuch  d.  allg.  Path.,  Stuttg., 
1877,  i.  482;  Weber,  F.  P.,  Proc.  Roy.  Soc.  Med.,  Lond.,  1929,  xxii  (Sect. 
Med.),  9;  idem,  Endocrine  Tumours  and  Other  Essays,  Lond.,  1936. 

Hormones  and  Vitamins.  Hormones  are  produced  in  the  body, 
whereas  vitamins,  which  so  resemble  them  as  to  have  been  called 
‘extraneous  hormones’  (Abel,  1928),  are  provided  by  food  or  when 
finally  elaborated  in  the  body,  such  as  vitamin  D,  by  an  external 
physical  agent. 

In  his  paper  on  the  aetiology  of  deficiency  diseases  in  1912  Casimir 
Funk  called  the  crystalline  preparation  he  obtained  from  rice  polishings 
‘vitamine’,  believing  it  to  be  an  amine ;  but  as  most  of  the  ‘accessory 
food  factors’ — the  title  employed  in  the  same  year  by  Hopkins — are 
not  amines,  the  spelling  was,  at  the  suggestion  of  J.  C.  Drummond  in 
1920,  slightly  altered  to  ‘vitamin’,  which  is  certainly  less  cumbrous 
than  the  three -worded  designation. 

Historically  a  suspicion  of  the  existence  of  vitamins  can  be  read 
into  the  following  statement  of  Sir  Gilbert  Blane  (1749—1834)  in  1825 
when  discussing  scurvy  and  the  prophylactic  and  curative  influence 
of  lemon  juice:  ‘the  operation  of  citric  acid  as  a  remedy  is  that  of  a 
specific  stimulus  to  the  absorbents,  and  not  either  of  nutritious  matter 
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or  as  a  chemical  antiseptic.’  The  scientific  knowledge  of  vitamins 
begins  in  1881,  when  Lunin,  working  under  Bunge  at  Basle,  concluded 
from  experiments  on  mice  which  died  as  a  result  of  an  artificial  diet 
composed  of  the  constituents  of  milk,  that  in  addition  to  the  known 
principal  ingredients  small  quantities  of  some  unknown  substances  are 
essential  to  life.  Except  for  some  investigation  into  the  influence  of 
inorganic  salts,  this  conception  was  not  followed  up  for  a  number  of 
years.  C.  Eijkman  (1858-  )  correlated  beriberi  with  the  consump¬ 

tion  of  polished  rice  in  1897.  Pekelliaring  (1848-1920)  in  1905  came 
to  the  conclusion  that  such  bodies  existed,  but  as  he  failed  to  isolate 
them  did  not  publish  a  further  account  of  his  research.  In  1906 
Hopkins  definitely  pointed  out  the  existence  of  unsuspected  dietetic 
factors,  and  in  1912  in  an  epoch-making  paper  showed  that  animals 
cannot  grow  on  a  synthetic  diet.  His  feeding  experiments  with  careful 
controls  showed  the  importance  of  ‘  accessory  food  factors  ’  in  normal 
diets. 

It  has  been  suggested  that  the  vitamins  stimulate  or  inhibit  the 
secretion  of  hormones. 

Pende  (1935)  considered  that  vitamin  A  stimulated  the  sex  hormones 
and  inhibited  the  thyroid ;  that  vitamin  B  stimulated  secretion  of 
insulin  and  inhibited  that  of  the  adrenals,  that  vitamin  C  stimulated 
the  adrenal  cortex  to  secrete,  and  that  vitamin  D  stimulated  the 
thyroid  to  secrete. 

Hormones  and  vitamins  are  both  employed  by  the  body  in  order  to 
maintain  normal  metabolism,  and  are  catalysts  producing  their  effects 
in  very  high  dilutions.  They  are  closely  connected  in  various  ways ; 
there  are  certain  resemblances  in  their  chemical  structure,  for 
example  between  adrenaline  and  vitamins  B  and  C,  and  between  the 
sexual  hormones  and  vitamin  A.  There  are  some  close  physiological 
relations  between  them.  The  action  of  vitamin  D  resembles  that  of 
parathormone ;  in  hypoparathyroidism  it  restores  the  blood  calcium 
to  its  normal  level,  and  if  given  in  excess  causes  hypercalcaemia ;  it 
has  been  thought  to  stimulate  the  parathyroids  (Hess  and  Lewis, 
1928).  The  fat-soluble  vitamins  A,  D,  and  E,  like  hormones  in  the 
anterior  pituitary  and  the  adrenal  cortex,  are  concerned  with  growth  ; 
vitamin  E  and  a  hormone  of  the  anterior  pituitary  both  have  a 
gonadotropic  influence.  Vitamin  A  has  been  regarded  as  antagoniz¬ 
ing  the  thyroid  hormone  (Szarka,  1929).  Ascorbic  acid  or  vitamin  C 
is  found  in  the  adrenal  cortex  and,  though  its  relation  to  the  cortical 
hormone  is  unknown  (H.  Zondek,  1935),  that  this  is  intimate  would 
appear  to  be  quite  probable.  In  1923  Collip  described  in  yeasts  and 
various  plants  a  hormone,  glucokinin,  analogous  to  insulin,  which 
caused  hypoglycaemia  in  animals.  There  is  also  evidence  that  there 
is  a  vitamin  balance  analogous  to  the  endocrine  balance  (Harris  and 
Moore,  1929). 
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There  is  an  obvious  analogy  between  the  diseases  due  to  deficiency 
or  absence  of  the  hormones  and  vitamins  ;  myxoedema  and  cretinism, 
Frohlich’s  syndrome  or  adiposo-genital  dystrophy,  and  Simmonds’s 
disease  (pituitary  cachexia),  Addison’s  disease,  parathyroid  tetany, 
and  diabetes  mellitus  are  comparable  to  the  deficiency  diseases  or 
avitaminoses,  scurvy,  rickets,  beriberi,  pellagra,  and  xerophthalmia. 
Hyperthyroidism,  acromegaly,  hyperinsulinism  or  hypoglycaemia, 
and  generalized  osteitis  fibrosa  due  to  hyperparathyroidism  find  a 
parallel  in  the  bone  changes  produced  in  rickety  children  by  over¬ 
doses  of  vitamin  D  and  in  the  experimental  hypervitaminosis  in 
rats  by  irradiated  ergosterol. 

Vitamin  treatment  and  endocrine  therapy  are  not  analogous,  for 
vitamin  treatment  removes  the  cause,  whereas  endocrine  substitu¬ 
tion,  though  it  relieves  the  symptoms,  does  not  cure  the  causal 
changes  in  the  affected  endocrine  glands  (Fraser,  1934). 

Blane,  G.,  Medical  Logic,  Lond.,  1825,  p.  96;  Brown-Sequard,  C.  E.,  et 
D’Arsonval,  A.,  Arch,  de  physiol,  norm,  et  path.,  Paris,  1891,  5  s.,  iii.  491; 
Collip,  J.  B.,  Journ.  Biol.  Chem.,  Baltimore,  1923,  lvi.  513 ;  Drummond,  J.  C., 
Biochern.  Journ.,  1920,  xvii.  660;  Eijkman,  C.,  Virchows  Arch.,  1897,  cxlviii. 
523  ;  Fraser,  F.  R.,  Principles  of  Ther  Apeutics,  Baltimore,  1934,  p.  54;  Funk, 
C.,  Journ.  State  Med.,  Lond.,  1912,  xx.  341 ;  Harris,  L.  J.,  and  Moore,  T., 
Biochern.  Journ.,  1929,  xxiii.  1114;  Hess,  A.  F.,  and  Lewis,  J.  M.,  Journ.  Am. 
Med.  Assoc.,  Chicago,  1928,  xci.  783;  Hopkins,  F.  G.,  Analyst,  Lond.,  1906, 
xxxi.  395;  idem,  Journ.  Physiol.,  Cambridge,  1912,  xliv.  425;  Lunin,  N., 
Ztschr.  f.  physiol.  Chem.,  Strassburg,  1881,  v.  31;  Medical  Research  Council, 
Accessory  Food  Factors  ( Vitamines ),  Spec.  Rep.  Series,  No.  38,  1919  ;  Spec.  Rep. 
Series,  No.  151,  1932;  Pekelharing,  C.  A.,  Ned.  Tijdschr.  v.  Geneesk.,  Amst., 
1905,  lxx.  Ill  ;  Pende,  N.,  vide  Presse  med.,  Paris,  1935,  xliii,  1479;  Steen- 
bock,  H.,  Science ,  N.Y.,  1919,  1.  352;  Szarka,  A.,  Arch.  f.  d.  ges.  Physiol., 
Berlin,  1929,  ccxxiii.  657  ;  Zondek,  H.,  Diseases  of  the  Endocrine  Glands,  Lond., 
1935,  p.  92. 


CHAPTER  III 

THE  PITUITARY 

History.  Galen  recognized  the  existence  of  the  gland,  and  Andreas 
Vesalius  (1514-64)  described  it  in  his  De  fabrica  humani  corporis 
(1543)  as  the  ‘Glandula  pituitaria  cerebri  excipiens’,  and  believed 
that  the  brain  excreted  waste  material  through  the  infundibulum  into 
the  gland,  whence  it  somehow  passed  into  the  nasopharynx.  This 
belief  found  practical  application  in  the  administration  of  medica¬ 
ments  ‘  to  purge  the  brain  Abel  (1924)  quoted  the  Spaniard  Nicolas 
Monardes  (1493-1588)  to  the  effect  that  ‘one  of  the  remarkable 
attributes  of  a  pill  made  by  chewing  tobacco  leaves  with  burnt  lime 
from  mussel  shells  is  to  conduct  away  the  slimy  juices  of  the  brain, 
which,  passing  into  the  stomach,  are  later  digested  ’  (1569).  Sneezing 
powders  were  also  used  for  this  purpose,  as  was  explained  in  the 
quaintly  entitled  work  The  History  of  Man  sucked  from  the  Sappe  of 
the  most  approved  Anathomistes ,  in  the  present  Age,  compiled  in  most 
compendious  Fourme,  for  the  Vtilitie  of  all  godly  Chirurgians  within 
the  Realme  by  John  Banister,  Master  in  Chirurgerie  and  Practitioner 
in  Phisicke,  London,  1578. 

Thomas  Wharton  (1614-73)  in  1656  wrote  of  the  ‘Glandula 
pituitaria,  afrjvoeLbrj?  vel  cunealis’  that  the  use  of  this  gland  is, 
according  to  Bauhin,  to  drain  off  the  moisture  of  the  brain.  S.  T.  von 
Soemmerring  (1755-1830)  gave  it  the  less  committal  name  of  hypo¬ 
physis  in  1778,  and  in  1823  P.  F.  0.  Rayer  (1793-1867)  spoke  of  it  as 
the  supra- sphenoidal  appendix,  thus  indicating  its  anatomical  posi¬ 
tion  and  avoiding  any  suggestion  of  a  supposed  excretion  of  pituita 
or  phlegm.  This  old  hypothesis  fathered  by  Galen  was  controverted 
by  Conrad  Victor  Schneider  (1614-80)  of  Wittenberg  in  1655  and 
1661  and  by  Richard  Lower  (1631-90)  in  1670.  Ysbrand  van  Diemer- 
broeck  (1609-74)  of  Utrecht  in  1672  advocated  another  view,  namely, 
that  the  pituitary  ‘separated  from  the  arteries  of  the  rete  mirabile1 

1  The  existence  of  the  rete  mirabile  in  man  dating  from  Galen’s  description, 
though  first  accepted,  was  soon  abandoned  by  Vesalius  in  the  Fabrica  (1543) ; 
later  it  was  vigorously  advocated  by  Jean  Riolan  (1577—1657)  the  younger, 
and  contested  by  J.  J.  Wepfer  (1620-95)  in  1658.  Willis  (1621-75)  figured  and 
described  it  in  1664,  and  Humphrey  Ridley  in  1695  insisted  on  its  presence  in 
man.  According  to  Ysbrand  van  Diemerbroeck  opinion  about  its  function  at 
the  time  he  brought  out  his  Anatome  Corporis  humani  (1672)  was  that  it  pre¬ 
vented  too  impetuous  an  access  of  blood  to  the  brain ;  a  similar  function  was  in 
the  eighteenth  century  ascribed  to  the  thyroid— the  ‘vascular  shunt’  hypothesis 
{vide  p.  150).  It  would  now  seem  probable  that  the  description  of  the  rete 
mirabile  was  based  on  dissection  of  the  cavernous  sinus  and  of  small  branches 
of  the  internal  carotid  to  the  pituitary. 
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a  part  of  the  phlegmatic  serum  and  transmits  it  through  the  infun¬ 
dibulum  to  the  middle  ventricle  through  the  funnel  that  lies  above 
it,  as  so  ascending  to  the  superior  ventricles  it  may  flow  through 
the  papillary  processes  to  the  nostrils  and  the  roof  of  the  mouth’. 

From  examination  of  many  calves  Lower  found  that  ‘  the  wedge¬ 
like  bone  ’  lying  under  the  pituitary  is  sometimes  perforated  in  divers 
places  at  least  by  one  large  duct  which,  being  divided  into  two,  opens 
on  each  side  into  the  jugular  veins.  In  man,  however,  the  wedge-like 
bone  is  never  perforated,  but  ‘the  veins  on  each  side  of  the  sella 
turcica  receive  the  water  distilled  out  of  the  glandula  pituitaria’. 

Thomas  Willis  (1621-75),  who  was  much  helped  by  Lower  in  his 
Cerebri  Anatome  Nervorumque  Descriptio  et  Usus  (1664),  there  stated 
that  the  pituitary  ‘  receives  the  humours  flowing  into  it  by  the  tunnel  ’ 
(infundibulum).  Humphrey  Ridley  (1653-1708)  in  1695  stated  that 
the  infundibulum  was  a  large  ‘lymphae  -duct  which  conveyed  fluid 
from  the  cerebral  ventricles  to  the  pituitary ;  he  denied  that  the 
pituitary  had  any  ducts  or  that  it  carried  off  any  ‘  excrementitious 
substances  from  the  blood,  and  contested  Vieussens’  view  that  it 
produced  ‘the  finer  animal  spirits’  by  filtering  them  off  from  the 
blood.  William  Cowper  (1666-1709)  in  1698  repeated  Willis’s  con¬ 
clusions. 

Thomas  Gibson  (1647-1722),  a  fellow  of  the  Royal  College  of 
Physicians  of  London  in  1680,  was  previously  created  M.D.  by  the 
Archbishop  of  Canterbury  (1663),  received  the  doctorate  at  Leyden 
(1675),  and  is  said  to  have  been  admitted  ad  eundem  at  Cambridge 
(1671).  On  January  21,  1718-19,  when  well  over  seventy  years  of 
age,  he  was  appointed  physician-general  to  the  Army.  His  only  book 
passed  through  at  least  seven  editions,  the  first  appearing  without 
his  name  ‘by  a  fellow  of  the  College  of  Physicians,  London’.  Such  a 
ballon  d'essai  was  not  uncommon  and  even  now  is  sometimes  adopted 
as  a  device  to  see  how  the  wind  blows ;  Samuel  J ohnson  suggested 
that  Sir  Thomas  Browne  arranged  the  unauthorized  editions  of  the 
Religio  Medici,  1642,  with  this  object  in  view.  Gibson’s  Anatomy  of 
humane  Bodies  epitomized ,  1682,  was  in  the  main  a  new  edition  of  the 
Manuall  of  the  Anatomy  or  Dissection  of  the  Body  (1634)  by  Alexander 
Reid  or  Rhead  (?  1586-1641) ;  but  as  the  compiler  claims  in  the  pre¬ 
face  to  the  fourth  edition  (1694),  the  ‘ornaments’  in  it  are  obtained 
from  the  works  of  thirty-four  anatomists.  A  quotation  from  this 
edition  (pp.  389-90)  may  be  taken  as  representing  the  state  of 
opinion,  such  as  it  then  was,  about  the  pituitary  gland : 

‘In  those  animals  that  have  a  glandula  pituitaria  large  (as  in  calves, 
for  instance)  the  two  carotid  arteries  meeting  about  the  sella  of  the 
wedge-like  bone,  presently  divide  themselves  into  small  twigs,  when 
being  interwoven  with  like  (though  not  so  numerous)  twigs  from  the 
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internal  jugular  veins,  and  also  with  nervous  fibres  from  the  larger 
trunk  of  the  fifth  pair  of  nerves,  make  on  each  side  a  notable  plexus, 
called  rete  mirabile.  There  enter  into  this  rete  some  twigs  also  from  the 
cervical  arteries  ;  and  there  pass  out  of  it  several  twigs  into  the  glandula 
pituitaria.  So  that  in  these  creatures  that  gland  seems  to  be  of  the 
same  use  to  the  rete  mirabile,  as  the  glandula  pinealis  is  to  the  plexus 
choroides,  viz.  to  separate  a  serous  matter  from  the  arterial  blood.  But 
in  man  (according  to  the  best  anatomists)  this  rete  is  wholly  wanting ; 
so  that  there  passing  only  sometimes  a  twig  or  two  and  sometimes 
none  from  the  trunk  itself  of  the  carotid  into  the  glandula  pituitaria 
that  gland  is  of  less  use  to  him  than  in  other  creatures  that  have 
the  rete.’ 

Gibson’s  somewhat  obscurely  written  summary  of  the  use  of 
the  pituitary  is  to  much  the  same  effect  as  the  opinion  held  by 
Sylvius  (1614-72)  of  Leyden  and  by  Vieussens  (1641-1715),  namely, 
that  it  is  concerned  with  the  secretion  of  the  cerebrospinal  fluid.  The 
association  of  the  pituitary  with  the  cerebrospinal  fluid  lasted  a  long 
time,  for  in  1842  Magendie  (1783-1855)  considered  that  it  played  a 
part  in  collecting  the  cerebrospinal  fluid  and  passing  it  on  into  the 
circulation. 

The  pituitary  is  complex  both  in  structure  and  function,  and  its 
anatomy  is  not  exactly  the  same  in  man  as  in  animals. 

Abel,  J.  J.,  Harvey  Lectures,  1923-4,  N.Y.,  xix.  154;  Cowper,  W.,  The 
Anatomy  of  Humane  Bodies,  Oxford,  1698;  Diemerbroeck,  Y.  van,  Anatome 
Corporis  humani,  Genev.,  1672;  Fulton,  J.  F.,  A  Bibliography  of  Two  Oxford. 
Physiologists:  Richard  Lower  and  John  Mayow,  Oxford,  1935;  Gibson,  T., 
Anatomy  of  humane  Bodies  epitomized,  Lond.,  1682;  Lower,  R.,  Dissertatio  de 
Origine  Catarrhi  (printed  at  first  in  the  second  edition  of  the  Tractatus  de 
Cord.e  in  1670,  and  separately  in  1672,  vide  Fulton);  Magendie,  F.,  Recherches 
physiologiques  et  cliniques  sur  le  liquide  cephalo-rachidien  ou  cerebrospinal,  Paris, 
1842;  Rayer,  P.  F.  O.,  Arch.  gen.  de  med.,  Paris,  1823,  iii.  350;  Ridley,  H., 
Anatomy  of  the  Brain,  Lond.,  1695,  p.  67 ;  Schneider,  C.  V.,  Dissertatio  de 
Osse  cribriformi,  Wittenberg,  1655;  idem,  De  Catarrhis  Liber  specialissimus, 
Wittenberg,  1660-1 ;  Soemmerring,  S.  T.  von,  Dissertatio  de  Basi  Encephali  et 
Originibus  Nervorum,  Gottingae,  1778;  Vieussens,  R.,  Neurographia  univer¬ 
salis,  Lyon,  1685 ;  Wepfer,  J.  J.,  Exercitatio  medica  de  Loco  affecto  in  Apoplexia, 
Schaffhusii,  1658 ;  Wharton,  T.,  Adenographia,  Lond.,  1656,  p.  169  ;  Willis,  T., 
Cerebri  Anatome:  cui  accessit  Nervorum  Descriptio  et  Usus,  Lond.,  1664;  and 
English  translation  in  his  Practice  of  Medicine,  Lond.  1684,  Anatomy  of  the  Brain, 
p.  85. 

Embryology.  Knowledge  of  the  development  of  the  pituitary  has 
been  largely  based  on  examination  of  lower  mammals  and  verte¬ 
brates.  The  pituitary  develops  very  early  in  life  and  before  the 
other  endocrine  glands ;  the  anterior  lobe  first  appears  in  the  human 
embryo  in  the  fourth  week  when  it  is  3  mm.  in  length  (Waterston, 
1926).  In  1838  Rathke  (1793-1860)  described  the  evagination  from 
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the  anterior  end  of  the  fore -gut  and  therefore  entodermal  in  origin. 
But  F.  M.  Balfour  (1851-82)  in  1874,  Gotte  in  1875,  and  Mihalkovics 
(1844-99)  found  that  Rathke’s  pouch  came  from  the  embryonic 
buccal  cavity  or  stomadaeum  and  was  ectodermal.  This  view  has 
been  generally,  but  not  universally,  accepted  ;  Tilney  (1913)  thought 
that  it  might  contain  some  entodermal  cells  from  the  fore-gut ; 
according  to  Bruni  (1916)  it  is  both  entodermal  and  ectodermal,  and 
Lups  (1929)  stated  that  the  anterior  portion  (pars  distalis)  is  ecto¬ 
dermal,  but  that  it  is  impossible  to  decide  whether  the  posterior 
'  portion  is  ectodermal  or  entodermal.  The  posterior  or  neural  lobe  is 
derived  from  the  ectoderm  of  the  neural  tube  in  the  fifth  week  of  the 
human  embryo  when  8  mm.  long  (Waterston,  1926).  Hollow  at  first 
it  becomes  solid  by  the  ninth  week.  When  the  anterior  lobe  (buccal 
pouch)  is  experimentally  removed  in  early  life  the  growth  of  the 
posterior  lobe  is  delayed  and  abnormal  (Woollard,  1932). 

It  is,  however,  interesting  to  recall  the  hypothesis  put  forward  by 
W.  H.  Gaskell  (1847-1914)  as  part  of  his  conception  of  the  origin  of 
the  vertebrates,  which  biologists  vigorously  contested:  in  1889  he 
argued  that  the  terminal  part  of  the  primitive  oesophagus  is  obliterated 
by  being  folded  down  on  the  infra -oesophageal  ganglia  and  that  the 
next  part  of  the  oesophagus  ‘  becomes  dilated  to  form  the  infundibulum 
and  the  glands  of  the  oesophagus’.  In  1908  he  regarded  the  buccal 
evagination  as  the  homologue  of  the  invertebrate  mouth  and  oeso¬ 
phagus,  and  the  pituitary  as  the  homologue  of  the  coxal  glands  of  the 
crustaceans. 

In  man  the  buccal  evagination  or  oral  lobe  begins  as  a  single 
median  depression  on  the  roof  of  the  stomodaeum,  with  two  lateral 
horns  (Waterston,  1926).  The  anterior  surface  of  the  evagination 
forms  the  future  pars  distalis  of  the  pituitary,  and  its  apex,  caudal,  or 
posterior  wall  for  a  time  covers  the  adjacent  surface  of  the  posterior 
lobe,  forming  the  pars  intermedia  and  being  separated  from  the  pars 
distalis  of  the  anterior  lobe  by  the  interglandular  cleft  which  becomes 
obliterated  at  or  before  the  sixteenth  year  (Bucy,  1932).  In  adult 
life  there  is  not  a  distinct  pars  intermedia  (Waterston).  The  pars 
tuberalis  arises  by  two  lateral  evaginations  (Tilney,  1913)  from  the 
stomodaeum  which  unite  in  the  middle  line  in  front  of  the  infundi¬ 
bulum  and  tend  to  encircle  it  (Atwell,  1926)  and  the  tuber  cinereum. 

The  pharyngeal  site  of  Rathke’s  evagination  is.  seen  in  foetal  life 
by  a  recess,  the  bursa  pharyngea.  Persistence  of  the  cranio-pharyn- 
geal  canal,  as  shown  by  a  foramen  in  the  floor  of  the  sella  turcica,  is 
rare  in  man.  In  cyclopean  monsters,  with  a  central  eye,  a  vestige  of 
the  canal  in  the  form  of  a  round  caecal  pit  in  the  bottom  of  the 
pituitary  fossa  has  been  described  (Hannover,  1844;  Cunningham 
and  Bennett,  1888).  Le  Double  (1903)  stated  that  it  can  be  found  in 
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10  per  cent,  of  the  new-born,  but  according  to  Cave  (1931)  this 
estimate  is  much  too  high. 

Arwell,  W.  J.,  Am.  Journ.  Anat.,  Phila.,  1926,  xxxvii.  159;  Balfour,  F.  M., 
Quart.  Journ.  Microscop.  Sc.,  Lond.,  1874,  xiv.  362;  Bruni,  A.  C.,  Arch.  ital. 
di  anat.  e  di  embriol.,  1916-17,  xv.  139;  Bucy,  P.  G.,  Cytology  and  Cellular 
Pathology  of  the  Nervous  System  (W.  Penfield),  N.Y.,  1932,  ii.  707;  Cave, 
A.  J.  E.,  Journ.  Anat.,  Cambridge,  1931,  Ixv.  363;  Cunningham,  D.  J.,  and 
Bennett,  E.  H.,  Trans.  Roy.  Irish  Acad.,  1888,  xxix.  101;  Gaskell,  W.  H., 
Journ.  Physiol.,  Cambridge,  1889,  x.  204;  idem,  The  Origin  of  the  Vertebrates, 
Bond.,  1908 ;  Hannover,  A.  H.,  Mem.  de  V Acad.  roy.  de  Copenhagen,  1844,  6  s., 
1;  Keith,  A.,  Human  Embryology  and  Morphology,  Bond.,  1933,  p.  128;  Be 
Double,  A.  F.,  Variations  des  os  du  crane  de  Vhomme,  Paris,  1903;  Bups,  T., 
Anat.  Anz.,  Jena,  1929,  lxvii.  161 ;  Mihalkovics,  G.  V.,  Arch.  f.  mikr.  Anat., 
Bonn,  1875,  xi.  389;  Rathke,  H.,  Arch.  f.  Anat.,  Physiol.,  u.  wissensch.  Med., 
Berlin,  1838,  482;  Tilney,  F.,  Internat.  Monatschr.f.  Anat.  u.  Physiol.,  Beipz., 
1913,  xxx.  258;  Waterston,  D.,  Trans.  Roy.  Soc.  Edin.,  1928,  lv.  125  (paper 
read  in  Dec.  1926) ;  Woollard,  H.  H.,  Journ.  Anat.,  Cambridge,  1932,  lxxi.  242. 

Anatomy.  In  the  human  adult  the  pituitary  is  the  size  of £  a  large 
pea’,  measures  about  9  mm.  in  the  antero -posterior  diameter,  6  mm. 
vertically,  and  13  mm.  transversely’  (Sharpey-Schafer,  1926).  It  is 
larger,  especially  the  anterior  lobe,  in  women  who  have  borne 
children  than  in  males  (Erdheim  and  Stumme,  1909).  The  average 
weight  in  adult  males  is  about  0-56  gm. 

The  two  chief  lobes  of  the  pituitary  have  received  various  names : 

(i)  the  anterior  lobe  was  separately  described  in  1724  by  Santorini 
(1681-1737),  who  expressed  a  milky  fluid  from  it  and  called  it  the 
glandula  pituitaria  potior.  More  modern  names  are  the  glandular 
hypophysis,  adeno-hypophysis  (Berblinger),  pre-hypophysis,  anterior 
pituitary,  pars  distalis,  and  oral  lobe  (Waterston,  1926).  It  has  been 
suggested  that  the  name  hypophysis  should  be  confined  to  the 
anterior  lobe  (de  Beer,  1926). 

(ii)  The  posterior  lobe  has  been  called  the  neuro-hypophysis,  the 
pars  nervosa,  the  infundibular  body  (Howell,  1898),  and  the  neural 
lobe  (Waterston,  1926).  It  was  regarded  by  K.  F.  Burdach  (1796- 
1847)  in  1819  and  Luschka  (1820-75)  in  1860  as  the  anterior  termina¬ 
tion  of  the  cerebrospinal  canal— the  filum  terminale  anterius. 

The  term  hypophysial  complex  includes  the  pituitary  and  the 
adjacent  structures,  the  infundibulum,  cavernous  sinus,  internal 
carotids,  the  third,  fourth,  fifth,  and  sixth  nerves,  and  the  optic 
chiasma  (David,  1932). 

The  intracranial  portion  of  the  buccal  evagination  is  generally 
described  as  forming  (i)  the  large  pars  distalis  or  glandular  portion, 

(ii)  the  pars  intermedia,  and  (iii)  the  pars  tuberalis,  the  last  two  being 
rudimentary  in  man.  The  pars  intermedia  was  described  by  Herring 
in  1908.  Tilney  (1917),  not  considering  Herring's  description  of  the 
pars  intermedia  to  be  satisfactory,  did  not  adopt  that  name,  and 
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spoke  of  it  as  the  pars  infundibularis  of  the  juxta-neural  epithelial 
portion  of  the  hypophysis. 

Considerable  doubt  has  been  expressed  about  the  existence  in  man 
of  a  structure  identical  with  the  pars  intermedia  in  animals;  Plaut 
(1922)  regarded  it  as  rudimentary  and  therefore  of  little  or  no  signifi¬ 
cance,  and  Shapiro  (1931)  took  the  same  view.  Erdheim  (1926)  denied 
that  in  adult  life  there  was  a  pars  intermedia  homologous  to  that  in 
animals  ;  Waterston  (1926)  and  Berblinger  ( 1932)  held  the  same  opinion. 
From  examination  of  111  pituitaries  of  males,  chiefly  killed  suddenly, 
Rasmussen  ( 1928)  concluded  that  the  epithelium  of  the  pars  intermedia 
increases  with  age,  but  that  its  size  varies  greatly  and  may  be  small 
in  normal  subjects.  Cooper  ( 1925)  agreed  that  the  cleft  present  in  foetal 
life  becomes  almost  obliterated  in  adult  life,  the  epithelium  of  the  pars 
intermedia  becoming  thicker  and  invading  the  neuroglia  of  the  pars 
nervosa.  Lewis  and  Lee  (1927)  thought  it  advisable  to  retain  the  name 
pars  intermedia  for  the  cells  between  the  lobes. 

The  small  pars  tuberalis,  so  named  by  Tilney  (1913)  from  its 
close  anatomical  relation  to  the  tuber  cinereum,  had  been  previously 
described  as  the  anterior  process  of  the  pituitary  (Muller,  1871)  the 
‘lobule  de  la  tige’  (Joris,  1907),  and  the  ‘tongue-shaped  process  of 
the  pars  intermedia’  (Herring,  1908).  Tilney  stated  that  in  the  cat 
the  histological  appearance  differed  from  that  of  the  pars  intermedia. 
The  division  of  the  anterior  lobe  into  three  parts  is  mainly  based  on 
examinations  made  on  animals.  Berblinger  (1932)  considered  that 
the  pars  tuberalis  was  not  present  in  man. 

The  Posterior  Lobe.  The  stalk  or  infundibulum  is  a  continuation 
of  the  floor  of  the  third  ventricle  and  passing  downwards  enlarges 
into  the  posterior  lobe. 

Complex  and  different  though  its  functions  are,  the  pituitary 
architecturally  resembles  the  adrenals ;  both  are  composed  of  two 
parts  (a)  a  glandular  epithelial  portion  (the  adrenal  cortex  and  the 
anterior  pituitary)  which  wraps  round,  (b)  a  nervous  appendage  of 
the  autonomic  system,  the  medulla  of  the  adrenals  being  part  of  the 
sympathetic,  and  the  posterior  pituitary,  according  to  Cushing 
(1932),  part  of  the  parasympathetic.  The  neural  portions  of  these 
two  neuro- epithelial  endocrine  glands  contain  a  very  powerful 
secretion. 

Lucien  (1911)  found  that  in  old  age,  contrary  to  the  general  rule, 
naked-eye  atrophy  of  the  pituitary  was  not  obvious ;  in  20  subjects 
between  the  ages  of  65  and  83  years  it  weighed  as  much  or  even  more 
than  in  adult  life ;  this  was  due  to  perivascular  fibrosis  and  an  in¬ 
crease  of  the  colloid  secretion  and  of  the  basophil  cells.  Lucien, 
however,  regarded  these  changes  as  pathological  rather  than  in¬ 
volutionary,  and  it  is  noteworthy  that  in  hepatic  cirrhosis  Barrelet 
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(1932)  found  the  basophil  and  chromophobe  cells  sometimes  in¬ 
creased  at  the  expense  of  the  eosinophil  cells. 

Blood-supply.  The  anterior  or  glandular  lobe,  or  pre-hypophysis, 
is  highly  vascular  and  presumably  its  sinusoids  carry  off  its  secretion, 
though  Edinger  (1911)  stated  that  this  is  done  by  the  lymphatics. 
The  posterior  lobe  or  pars  nervosa,  on  the  other  hand,  is  poorly 
supplied  with  blood-vessels,  and  its  epithelial  extension  (the  pars 
intermedia)  from  the  anterior  lobe  is  non- vascular.  Buret  (1874) 
described  a  branch  from  the  posterior  communicating  artery  on  each 
side,  which  supplied  the  tuber  cinereum  and  the  pituitary.  Accord¬ 
ing  to  Popa  and  Fielding  (1930)  each  internal  carotid  sends  off  a 
branch  which,  after  supplying  the  posterior  lobe,  pours  its  blood  into 
the  sinusoids  of  the  anterior  lobe,  each  artery  supplying  half  that 
lobe.  Simmonds  (1914)  described  the  arterial  branches  to  the  an¬ 
terior  lobe  as  end-arteries.  Bucy  (1932)  gave  two  sources,  the  main 
from  two,  three,  or  four  branches  from  the  internal  carotids ;  the 
other,  twigs  from  the  anterior  and  posterior  communicating  arteries. 

Venous  Drainage.  Popa  and  Fielding  (1930)  described  the 
venous  blood  from  the  anterior  lobe  as  partly  entering  the  cavernous 
sinus.  But  some  of  the  blood  together  with  that  from  the  pars 
tuberalis  passes  into  vessels  with  smooth  muscular  fibres  in  their 
walls  ;  these  vessels  run  up  the  infundibulum  and  break  up  into  cajhl- 
laries  (the  hypophysio-portal  system)  in  the  hypothalamus,  where 
the  blood  reaches  its  important  nuclei.  In  a  later  paper  (1933)  they 
referred  to  the  work  of  Pietsch  (1930)  on  this  subject  and  to  the  pas¬ 
sage  of  colloid  by  these  vessels  to  the  hypothalamus  from  the  pituitary. 
According  to  Espinasse  (1933)  this  hypophysio-portal  system  in  man 
consists  of  branches  from  the  internal  carotid  originally  destined  to 
supply  the  brain  and  quite  secondarily  involved  in  the  pituitary 
complex  on  account  of  the  proximity  of  the  pituitary.  They  are  thus 
arterial  in  origin,  become  sinusoidal  on  being  appropriated  by  the 
pituitary,  and  then  on  approaching  the  brain  regain  something 
of  their  original  form,  and  finally  break  up  into  capillaries,  the 
blood  from  which  is  removed  by  the  ordinary  systemic  veins  of  this 
part  of  the  brain.  He  further  contested  the  analogy  with  the  portal 
system. 

Lymphatics.  Nothing  is  known  about  the  existence  of  lymphatics 
in  the  pituitary. 

Nerve-supply.  According  to  Bandy  (1914)  the  first  reference  to 
the  nervous  supply  appears  to  be  a  casual  remark  in  1845  by  M.  J.  B. 
Bourgery  (1797-1849)  that  it  is  supplied  by  the  sympathetic.  Jacob 
Henle  (1809-85)  in  1879  described  the  sympathetic  supply  of  two  or 
three  twigs  from  the  carotid  plexus.  Bandy  working  on  dogs  and 
cats  traced  the  sympathetic  fibres  from  the  carotid  plexus  to  the 
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anterior  lobe,  and  very  few  fibres  to  the  posterior  lobe  which,  accord¬ 
ing  to  Fulton,  has  a  rich  nerve  supply  from  the  tuber  cinereum.  In 
the  dog  Roussy  and  Mosinger  (1933)  traced  into  the  pars  nervosa 
nerve  fibres  from  the  supra-optic  nucleus  in  the  hypothalamus,  the 
nucleus  of  the  tuber  cinereum,  and  the  para- ventricular  nucleus. 
Beattie  also  traced  nerve  fibres  from  the  pre-optic  area  into  the 
posterior  lobe  and  the  pars  intermedia,  but  not  into  the  anterior  lobe. 
According  to  Laruelle  (1935)  the  pituitary  has  a  double  nerve  supply 
from  the  superior  cervical  ganglion  of  the  sympathetic  and  from  the 
diencephalon. 

Barrelet,  J.,  Ann.  d'anat.  path.,  Paris,  1932,  ix.  385;  De  Beer,  G.  R.,  The 
Comparative  Anatomy,  Histology ,  and  Development  of  the  Pituitary  Body,  Edin., 
1926;  Berblinger,  W.,  Handbuch  der  inn.  Sekretion  (Hirsch),  Leipz.,  1932, 
Bd.  I,  s.  909  ;  Bucy,  P.  C.,  Cytology  and  Morbid  Anatomy  of  the  Nervous  System 
(W.  Penfield),  N.Y.,  1932,  ii.  707;  Cooper,  E.  R.  A.,  Histology  of  the  More 
Important  Human  Endocrine  Organs  at  Various  Ages,  Oxford  Univ.  Press,  1925 ; 
Cushing,  H.,  Papers  relating  to  the  Pituitary  Body,  Hypothalamus,  and  Para¬ 
sympathetic  Nervous  System,  Springfield,  1932,  p.  59;  Dandy,  W.  E.,  Am. 
Journ.  Anat.,  Phila.,  1913-14,  xv.  333 ;  David,  N.,  J.,  Ipofiza  si  V egindtatea  ei 
Jasi,  1932;  Duret,  H.,  Arch,  de  physiol,  norm,  et  path.,  Paris,  1874,  xvi.  73; 
Edinger,  Arch.  f.  mikr.  Anat.  (Festschr.  f.  Waldeyer),  Bonn,  1915,  lxxviii.  496 ; 
Erdheim,  J.,  Ergebn.  d.  ally.  Path.  u.  path.  Anat.,  1926,  xxi.  482;  Erdheim,  J., 
und  Sttjmme,  E.,  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  Jena,  1909,  xlvi,  1 ; 
Espinasse,  P.  G.,  Journ.  Anat.,  Cambridge,  1933,  lxviii.  11;  Fulton,  J.  F., 
New  England  Journ.  Med.,  Boston,  1932,  ccvii.  60;  Henle,  J.,  Handbuch  der 
systematischen  Anatomie  des  Menschen,  Bd.  Ill,  1879;  Herring,  P.  T.,  Journ. 
Exper.  Physiol.,  1908,  i.  121,  161 ;  Howell,  W.  H.,  Journ.  Exper.  Med.,  N.Y., 
1898,  iii.  245  ;  Le  Double,  A.  F.,  Variations  des  os  du  crane  de  Vhomme,  Paris, 
1903;  Joris,  H.,  Mem.  cour.  etautr.  mem.  Acad.  roy.  med.  belg.,  1907,  xix,  art.  6 ; 
Laruelle,  vide  Presse  med.,  Paris,  1935,  xliii.  1479 ;  Lewis,  D.,  and  Lee,  F.  C., 
Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1927,  xli.  241;  Luschka,  H.,  Der 
Hirnanhang  und  die  Steissdriise  der  Menschen,  Berlin,  1860;  Muller,  W., 
Jenaische  Ztschr.  f.  Med.  u.  Naturw.,  1871,  vi.  354;  Pietsch,  K.,  Ztschr.  f. 
mikr  .-anat.  Forsch.,  Leipz.,  1930,  xxii.  227  ;  Plaut,  A.,  Klin.  Wchnschr .,  1922,  i. 
1557;  Popa,  G.,  and  Fielding,  U.,  Journ.  Anat.,  Cambridge,  1930,  lxv.  88; 
1932-3,  lxvii.  227  ;  Rasmussen,  A.  T.,  Endocrinol.,  Los  Angeles,  1928,  xii.  129  ; 
Roussy,  G.,  et  Mosinger,  M.,  Compt.  rend.  Soc.  biol.,  Paris,  1933,  cxii.  557 ; 
Santorini,  G.  D.,  Observationes  anatomicae,  Venet.,  1724,  70;  Sharpey- 
Schafer,  E.  A.,  The  Endocrine  Organs,  Lond.,  1926,  Part  2,  1 ;  Shapiro,  P.  J., 
Arch.  Path.,  Chicago,  1931,  xi.  22;  Simmonds,  M.,  Virchows  Arch.,  1914, 
ccxviii.  226 ;  Tilney,  F.,  Internat.  Monatschr .  f.  Anat.  u.  Physiol.,  Leipz., 
1913,  xxx.  258;  Waterston,  D.,  Trans.  Roy.  Soc.  Edin.,  1928,  lv.  125  (paper 
read  Dec.  1926). 

Accessory  or  N  asopharyngeal  Pituitary.  This  remnant  was  described 
by  Killian  (1860-1920)  in  1888,  and  in  1907  Civalleri  found  it  con¬ 
stantly  in  thirty  human  subjects.  Haberfeld  (1909)  from  examination 
of  fifty-one  bodies  at  various  ages  also  found  it  constantly  in  the  sub¬ 
mucosa  of  the  nasopharynx,  at  the  anterior  part  of  the  pharyngeal 
tonsil,  close  to  the  nasal  septum  and  behind  the  alae  of  the  vomer  ;  it 
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was  often  the  size  of  ‘  a  grain  of  boiled  rice  ’.  Its  cells  are  chiefly  the 
chromophobes  of  the  anterior  lobe. 

Arguing  from  the  constancy  of  the  accessory  pituitary,  Pende 
(1910)  suggested  that  it  might  have  functional  importance,  perhaps 
different  from  that  of  the  main  gland.  In  animals  Dandy  and  Goetsch 
(191 1 )  described  an  accessory  or  para-hypophysis  between  the  layers 
of  dura  mater  in  the  floor  of  the  sella  turcica.  The  presence  of  ac¬ 
cessory  pituitary  tissue  in  the  pharynx  and  in  the  floor  of  the  third 
ventricle  has  been  suggested  to  explain  the  absence  of  symptoms 
after  removal  of  the  pituitary. 

In  Erdheim’s  case  (1909)  of  acromegaly  there  was  a  tumour,  derived 
from  an  accessory  pituitary,  in  the  sphenoid  under  the  sella  turcica. 
In  a  male  infant  of  6  months  Tweedie  and  Keith  (1911)  found  ectopia 
of  the  pituitary  projecting  into  the  nasopharynx,  patency  of  the  cranio - 
pharyngeal  canal  and  floor  of  the  sella  turcica,  and  congenital  mal¬ 
formation  of  the  nose,  palate,  and  upper  lip. 

Civalleri,  A.,  Gior.  d.  r.  Accad.  di  vied,  di  Torino,  1907,  4  s.,  xvi.  538;  Dandy, 
W.  E.,  and  Goetsch,  E.,  Am.  Journ.  Anat.,  Phila.,  1910-11,  xi.  157 ;  Erdheim, 
J.,  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  Jena,  1909,  xlvi.  233;  Haberfeld,  W., 
Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  Jena,  1909,  xlvi.  133  ;  Killian,  G.,  Morphol. 
Jahrb.,  Leipz.,  1888,  xiv.  718;  Pende,  N.,  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path., 
Jena,  1910,  xlix.  437 ;  Tweedie,  A.  R.,  and  Keith,  A.,  Proc.  Roy.  Soc.  Med., 
1910-11,  iv  (Sect.  Laryng.),  47. 

Histology.  The  pars  distalis  of  the  anterior  lobe  is  composed  of 
polygonal  cells  arranged  in  thick  columns  separated  by  blood  sinuses. 
As  long  ago  as  1844,  A.  H.  Hannover  (1814-94)  described  two  kinds 
of  cells  in  the  anterior  lobe.  But  it  was  not  until  the  methods  of 
histology  were  further  developed  that  real  progress  began.  Loth- 
ringer  (1886)  and  Dostoiewsky  (1886)  described  (i)  non-granular 
cells,  since  also  called  ‘chief  ,  'mother’,  ‘reserve’,  ‘clear’,  ‘neutro¬ 
phil’,  and  ‘chromophobe’  cells,  and  (ii)  granular,  chromojihil  cells. 
In  1892  Schonemann  divided  the  chromophil  cells  into  those  staining 
with  acid  dyes  (oxyphil,  acidophil,  eosinophil,  or  ‘alpha’  cells)  and 
those  staining  with  basic  dyes  (basophil,  cyanophil,  or  ‘beta’  cells). 
The  oxyphil  cells  were  in  1904  further  divided  by  Launois  into  two 
groups  according  as  they  stained  deeply  or  lightly.  The  chromophil 
cells  may  show  vacuoles  which  possibly  contain  their  secretion. 
There  has  been  some  discussion  whether  or  not  these  three  cells 
are  functional  phases  of  the  same  cell  (Susman,  1935) ;  Collin  (1928) 
concluded  that  the  chromophil  cells  ripen  with  the  formation  of 
eosinophil  granules,  which  in  their  turn  may  become  basophilic  ; 
according  to  Biggart  (1934),  however,  the  eosinophil  and  basophil 
forms  develop  separately  from  the  chromophobe  cells.  Broster  and 
\  ines  (1933)  described  a  fuchsinophil  reaction  in  the  eosinophil  cells, 
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which  resembled  that  found  in  the  cortical  cells  of  the  adrenals  in 
cases  of  adrenal  virilism.  This  reaction,  it  is  suggested,  is  in  some 
way  correlated  with  a  masculinizing  influence.  The  chromophobe  and 
the  chromophil  cells  are  normally  diffused  throughout  the  anterior 
pituitary  with  little  concentration.  In  a  hundred  pituitaries  of 
males  killed  suddenly  by  accident  Rasmussen  (1929)  found  that  the 
i  chromophobe  cells  averaged  52  per  cent.,  the  acidophil  37  per  cent., 
and  the  basophil  11  per  cent.  In  1933  he  showed  that  females  had  a 
higher  percentage  of  acidophil  and  a  lower  percentage  of  chromo¬ 
phobe  and  basophil  cells  than  in  males.  Crooke  and  Russell  (1935) 
found  the  mean  diameter  of  the  chromophobe  cells  to  be  usually 
7  to  10/a,  of  the  eosinophils  6  to  23/a,  and  the  basophils  14  to  16/a. 
An  agent  which  reduced  methylene  blue  was  found  in  the  chromophil 
but  not  in  the  chromophobe  cells  (Putnam  and  W  ilcox,  1933). 

‘  Rests  ’  of  squamous  epithelium  were  described  in  1860  by  Luschka 
(1820-75)  in  close  relation  to  the  pituitary;  Erdheim  in  1904  found 
them  in  10  out  of  13  adults,  usually  on  the  anterior  surface  of  the  in¬ 
fundibulum  and  pars  tuberalis,  and  suggested  that  they  were  the  relics 
I  of  the  cranio-pharyngeal  duct ;  in  1924  Kiyono  found  them  in  17 
adults  by  serial  sections  through  the  infundibulo- hypophysial  region. 
Carmichael  (1931)  in  a  similar  examination  of  55  normal  pituitaries 
found  them  in  18  adults,  or  33  per  cent.  In  the  same  year  Susman 
I  examined  230  pituitaries  and  in  70,  or  32  per  cent.,  found  epithelial 
rests  of  an  embryonic  character,  either  squamous,  primitive  epithe¬ 
lium,  or  primitive  glandular  tissue.  The  commonest  sites  were  the 
i  capsule  of  the  anterior  part  of  the  pituitary,  then  the  infundibulum 
and  the  pars  intermedia ;  the  largest  number  occurred  in  the  decade 
40-9  years,  very  few  being  in  the  first  two  decades  of  life ;  it  was 
therefore  suggested  that  they  were  due  to  metaplasia  and  not  con¬ 
genital  in  origin.  The  squamous  epithelial  rests  were  described  in  a 
baby  by  Guizzetti  (1913),  but  were  not  found  in  children  in  any  of 
Erdheim’s,  Kiyono’s,  or  Carmichael’s  cases ;  this  is  noteworthy  as 
cranio-pharyngiomas  are  far  commoner  in  early  than  in  adult  life. 

Pregnancy  Cells.  Comte  in  1898  noticed  increased  size  of  the  gland 
during  pregnancy  and  stated  that  this  rapidly  diminished  after  de¬ 
livery.  Launois  and  IMulon  (1903)  ascribed  the  increase  in  size  to 
proliferation  of  basophil  cells;  Erdheim  and  Stumme  (1909)  con¬ 
sidered  the  ‘  pregnancy  cells  ’,  as  they  then  called  them,  to  be  chromo¬ 
phobe  cells,  whereas  Kraus  in  1926  regarded  them  as  eosinophils. 
Roussy  and  Oberling  (1933)  described  the  cells  as  large,  clear, 
chromophobe,  without  any  granules  in  the  protoplasm  which,  how¬ 
ever,  stained  deeply  with  eosin.  Cushing  (1933)  regarded  both  the 
pregnancy  and  the  castration  cells  as  enlarged  chromophobe  cells 
which  have  been  arrested  in  the  process  of  ripening.  Rasmussen 


52 


THE  PITUITARY 


(1933)  referred  to  the  descriptions  of  the  so-called  pregnancy  cells  as 
contradictory,  and  from  examination  of  94  pituitary  glands  from 
non-pregnant  women  concluded  that  the  increased  size  of  the  gland 
in  pregnancy  was  not  due  to  a  definite  change  in  any  of  the  normal 
types  of  cells  in  the  anterior  lobe,  in  fact  he  could  not  recognize  the 
existence  of  pregnancy  cells.  It  has,  however,  been  suggested  that  the 
pregnancy  cells  are  due  to  stimulation  by  ovarian  oestrin  and  that 
they  secrete  the  galactogenic  hormone  ‘prolactin’  (vide  p.  66). 

Castration  Cells.  Changes  in  the  anterior  pituitary  after  castration 
have  attracted  considerable  attention,  and  divergent  opinions  have 
been  expressed  about  the  histological  character  of  the  cells.  In  the 
fowl  increased  size  and  weight  of  the  pituitary  was  ascribed  to  pro¬ 
liferation  of  the  eosinophils  (Fichera,  1905).  In  castrated  white  rats 
Biedl  (1913)  found  that  vacuolated  clear  cells  became  prominent, 
and  Addison  (1917)  stated  that  the  castration  cells  were  basophilic 
and  that  there  was  an  increased  amount  of  colloid  in  the  anterior 
pituitary;  Desclin  (1934)  and  Ellison  and  Wolfe  (1934),  in  castrated 
female  rats,  also  reported  an  increase  in  the  basophils.  In  castrated 
male  rats  the  cellular  changes  have  been  prevented  by  injections  of 
the  male  hormone  (Reese  and  Me  Queen- Williams,  1932).  In  different 
animals  the  cellular  reactions  appear  to  vary. 

In  man  radiological  examination  has  shown  enlargement  of  the 
sella  turcica  after  castration ;  this  has  been  reported  in  the  Skopecs, 
a  Russian  sect,  said  to  be  descended  from  an  austere  Quaker  group, 
in  which  many  of  the  males  are  castrated  (Tandler  and  Gross,  1910). 
The  statement  that  the  castration  cells  are  eosinophils  (Kohn,  1908  ; 
Rossle,  1914)  has  been  contested,  and  ascribed  to  unsatisfactory 
methods  of  staining  by  Biggart  (1934)  who  found  an  increased  num¬ 
ber  of  basophils  and  large  chromophobe  cells  developing  into  baso¬ 
phils.  It  has  been  suggested  that  the  morphological  changes  are 
connected  with  a  storage  of  the  gonadotropic  hormone  (Biggart). 

The  colloid  material  in  acinus-like  spaces  in  the  anterior  lobe  is 
chiefly  found  in  the  posterior  part,  and  is  considered  by  Kraus  (1926) 
and  Shapiro  (1931 )  to  be  a  degeneration  product  rather  than  a  secre¬ 
tion  of  the  cells.  As  the  anterior  lobe  has  been  thought  to  be  com¬ 
plementary  to  the  thyroid,  a  number  of  investigations  have  been 
made  on  the  iodine  content.  Denis  in  191 1  failed  to  detect  any  iodine, 
and  later  Kendall  found  that  there  was  1  part  of  iodine  in  200,000 
parts  of  the  fresh  gland. 

The  pars  intermedia  is  described  in  animals  as  being  almost  devoid 
of  vessels,  and  consisting  of  cells  of  two  kinds,  elongated  cells  and 
polygonal  cells  resembling  the  chromophobe  cells  of  the  anterior  lobe. 
The  pars  intermedia  often  contains  irregular  spaces  occupied  by 
hyaline  or  colloid  material  which  Herring  described  in  1908  as  its 
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secretion,  and  traced  into  the  interstices  of  the  pars  nervosa,  and 
then  through  the  infundibulum  into  the  third  ventricle ;  this  was 
confirmed  by  Cushing  and  Goetsch  (1910)  but  contested  by  Carlson 
and  Martin  (1911 ) ;  Maurer  and  Lewis  (1922)  summed  up  in  favour  of 
passage  of  the  pressor  hormone  into  the  blood  vessels. 

The  ‘ sero-albuminous  glands’  of  the  pars  intermedia  were  dis¬ 
covered  by  Thom  (1901)  and  fully  described  by  Erdheim  (1904); 
they  have  been  called  Erdheim’s  glands,  tubular  or  salivary  glands. 
Roussy  and  Mosinger  (1934)  examined  112  specimens.  They  are 
constantly  present  at  birth,  though  variable  in  number,  and  are 
always  behind  the  posterior  wall  of  the  hypophysial  cleft. 

Thom  (1901)  and  Erdheim  (1903)  described  infiltration  of  the 
neuro- hypophysis  with  normally  staining  basophil  cells,  and  Thom 
spoke  of  this  infiltration  as  a  phenomenon  of  old  age  and  as  like 
sarcomatous  infiltration,  and  Lucien  (1909,  1929)  as  occurring  in  old 
age  and  very  chronic  diseases.  Rasmussen  (1928)  in  a  special  research 
into  the  basophil-cell  invasion  concluded  that  it  was  possible,  though 
improbable,  that  the  cells  came  from  the  anterior  lobe,  the  evidence 
pointing  to  their  origin  in  the  pars  intermedia;  Spark  (1935)  con¬ 
sidered  it  to  be  impossible  to  reconcile  the  two  origins — from  the 
anterior  lobe  and  the  pars  intermedia.  Cushing  (1933)  stated  that  in 
the  process  of  ripening  the  cells  of  the  pars  intermedia  become  trans¬ 
formed  into  basophil  elements  which  in  their  mature  shape  are 
identical  with  the  basophil  cells  in  the  anterior  lobe,  and  eventually 
become  Herring’s  hyaline  bodies.  He  added  that  the  hyaline  bodies 
are  certainly  not  degenerated  end-bulbs  of  nerves  as  some  writers, 
under  the  influence  of  Tello’s  paper  (1912),  have  believed.  According 
to  Roussy  and  Mosinger  (1934)  the  cells  thus  immigrating  (‘cellular 
neurocriny’)  into  five  foci  of  the  pars  nervosa  are  derived  in  child¬ 
hood  from  the  pars  intermedia,  and  in  adult  life  from  the  pars  distalis 
of  the  anterior  lobe. 

The  posterior  lobe  was  believed  to  be  the  anterior  extremity  of  the 
brain  by  von  Baer  (1828).  It  is  composed  of  the  infundibular  process 
covered  over  by  the  extension  of  the  pars  intermedia  (pp.  46,  52) 
and  composed  of  a  network  of  glial  and  ependymal  fibres  and  cells  of 
various  morphological  characters ;  Bucy  (1932)  considered  these  to  be 
a  special  group  of  glial  cells — c  pituicytes  ’ ;  they  contain  brown  pig¬ 
ment  granules,  which  Lim  (1920)  compared  with  the  lipochrome  in 
the  zona  reticularis  of  the  adrenal  cortex.  Blair  Bell  (1871—1936)  re¬ 
garded  them  as  degenerative  ;  Stern  (1932),  who  found  these  granules 
in  27  per  cent,  only  of  pituitaries,  best  marked  in  the  fourth  to  the  sixth 
decades  of  life,  concluded  that  they  were  not  degenerative  products. 
It  has  been  suggested  that  the  pituicytes  provide  an  internal  secre¬ 
tion.  Kohn  (1910)  stated  that  there  were  a  few  mast  cells  present, 
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Gray  (1935)  found  that  they  are  numerous,  especially  in  the  human 
infundibulum,  and  are  quite  different  from  Herring’s  bodies.  The 
presence  of  nerve  cells  and  nerve  fibres  has  been  denied  by  Herring 
(1908)  and  by  Joris  (1908). 

The  hyaline  or  colloid  material  (Herring’s  bodies)  in  the  pars 
nervosa,  pars  intermedia,  and  pars  tuberalis  was  described  by  Herring 
(1908)  as  passing  up  the  infundibulum  to  be  discharged  into  the 
cavity  of  the  third  ventricle  ;  Cushing  and  Goetsch  (1910)  and  Cush¬ 
ing  (1930)  confirmed  this  view.  But  according  to  Geiling  (1935) 
experiments  then  in  progress  threw  doubt  on  the  reality  of  these 
Herring  bodies  and  indicated  that  they  might  be  fixation  artifacts, 
homogeneous  material  infiltrating  the  neuroglial  tissue  being  pre¬ 
cipitated  out  in  the  form  of  aggregates.  B.  Haller  (1896)  described 
an  incomplete  system  of  pituitary  ducts  opening  into  the  subdural 
space  in  all  animals.  According  to  recent  work  (Collin,  1928  ;  Roussy 
and  Mosinger,  1933)  the  pituitary  hormones  may  pass  away  by  three 
routes:  (i)  by  the  blood-stream  ( hemocrinie ),  {a)  by  a  portal  system 
the  capillaries  of  which  go  to  the  hypothalamic  nuclei  controlling  the 
sympathetic  and  para- sympathetic  (Popa  and  Fielding,  1930  ;  Basir, 
1932),  or  ( b )  more  widely  by  the  blood-stream;  (ii)  through  the 
neuroglia  and  nervous  tissues  {neurocrinie) ,  the  cells,  especially  the 
basophils,  or  colloid  material  infiltrating  the  pars  nervosa  and  in¬ 
fundibulum  ;  in  old  age  only  eosinophils  immigrate  in  any  numbers 
(Roussy  and  Mosinger,  1934) ;  (iii)  by  passing  into  the  cerebrospinal 
fluid  and  cerebral  ventricles  ( hydrencephalocrinie ).  From  the  work  of 
the  Friedmans  (1934)  Geiling  (1935)  concluded  that  the  secretion  of 
the  posterior  lobe  is  elaborated  by  the  elements  of  the  lobe  and  dis¬ 
charged  into  the  blood  and  not  into  the  cerebrospinal  fluid. 

Addison,  W.  H.  F.,  Journ.  Comparat.  Neurol.,  Phila.,  1917,  xxviii.  496; 
Barrelet,  J.,  Ann.  d'anat.  path.,  1932,  ix.  385;  Basir,  M.  A.,  Journ.  Anat., 
Cambridge,  1932,  lxvi.  387  ;  Bell,  W.  B.,  The  Pituitary,  Lond.,  1919 ;  Berkley, 
H.  J.,  Johns  Hopkins  Hosp.  Rep.,  Baltimore,  1894,  iv.  285;  Biedl,  A.,  Innere 
Sekretion,  Berlin,  1910;  Biggart,  J.  H.,  Bull.  Johns  Hopkins  Hosp.,  Baltimore, 
1934,  liv.  157  ;  Broster,  L.  R.,  and  Vines,  H.  W.  C.,  The  Adrenal  Cortex,  Lond., 
1933;  Bucy,  P.  C.,  in  Cytology  and  Cellular  Pathology  of  the  Nervous  System 
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Physiology.  The  advance  of  knowledge  and  the  recent  elaboration 
of  detail  in  connexion  with  endocrine  function  and  disease  are  best 
illustrated  by  the  history  of  the  pituitary.  LTntil  nearly  the  begin¬ 
ning  of  this  century  it  was  regarded  as  little  more  than  a  vestigial 
relic  ;  now  it  has  become  the  head  stone  of  the  corner.  In  a  review  of 
nerve  physiology  in  1889  it  was  stated  that  the  pituitary  has  little, 
or  perhaps  no,  use  in  the  organism  of  the  higher  vertebrates  (T.  "W. 
Shore),  and  in  the  same  year  it  was  described  as  ‘probably  the  rudi¬ 
ments  of  an  archaic  sense  organ  (Macalister). 

In  1907  de  Cyon  regarded  the  pituitary  as  controlling  the  blood-supply 
to  the  brain  through  the  instrumentality  of  the  thyroid,  and  it  may  be 
noted  that  in  1932  as  a  result  of  experimental  and  other  researches 
David  concluded  that  the  pituitary  pulsates  and  thus  not  only  drives 
its  secretion  through  the  loose  tissue  of  hypophysis  and  hypothalamus. 
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but  also  by  pressing  on  the  cavernous  sinus  and  internal  carotids 

regulates  the  cerebral  circulation. 

In  1908  Schafer  and  Herring  referred  to  the  anterior  lobe  of  the 
pituitary  as  not  having  any  physiological  effect.  In  the  same  year 
Salmon  suggested  that  the  secretion  of  the  pituitary  caused  sleep. 
Later  in  this  century  the  pendulum  has  swung  to  the  opposite  extreme 
and  the  pituitary  is  regarded  as  controlling  the  other  endocrine 
glands,  and  more  importance  is  attached  to  its  influence  than  to  the 
endocrine  balance.  This  has  been  followed  by  a  modification  of 
opinion,  and  especially  as  the  result  of  the  work  of  Roussy  and  his 
colleagues,  first  Jean  Camus  (1872-1924)  and  more  recently  Mosinger. 
Attention  has  been  directed  higher  up  to  the  hypothalamus,  and 
syndromes  previously  ascribed  solely  to  the  pituitary  have  come  to 
be  regarded  as  shared  by,  or  due  to,  centres  in  the  hypothalamus. 

After  the  Galenic  view  that  the  pituitary  excreted  the  mucus  from 
the  brain  and  discharged  it  into  the  nasopharynx  had  been  disproved 
by  C.  V.  Schneider  (1614-80)  in  1655  and  1661,  and  by  R.  Lower  in 
1670,  the  pituitary  was  rather  vaguely  thought  to  be  concerned  with 
the  secretion  or  disposal  of  the  cerebrospinal  fluid.  In  1860  Liegeois 
(ob.  1871)  in  his  Paris  thesis  grouped  it  with  the  other  blood  vascular 
glands  and  dismissed  its  function  as  being  much  the  same  as  that  of 
the  thymus. 

The  physiology  of  the  pituitary  was  first  investigated  experimen¬ 
tally  by  surgical  removal  of  the  whole  gland.  The  results  were  dis¬ 
cordant  and  now  are  of  historical  interest  only. 

Horsley  in  1886  excised  the  pituitary  in  two  dogs  which  survived 
without  bad  results  for  five  and  six  months.  Camus  and  Roussy  came 
to  the  same  conclusion,  and  in  1922  from  the  results  of  149  experi¬ 
mental  hypophysectomies  concluded  that,  though  the  operation 
might  prove  fatal  from  various  causes,  removal  was  not  itself 
necessarily  fatal ;  in  one  clinical  case  with  an  abscess  occupying 
nearly  the  whole  of  the  pituitary,  the  tuber  and  base  of  the  brain  ap¬ 
peared  normal  to  the  naked  eye,  but  microscopically  there  was  in¬ 
flammation.  In  1927  P.  E.  Smith,  operating  on  rats  in  which  the 
anatomical  relations  allow  the  pituitary  to  be  removed  without  any 
damage  to  the  brain,  showed  that  this  operation,  provided  that 
adjacent  parts  were  not  injured,  was  not  fatal,  though  it  was  followed 
by  cessation  of  growth  and  atrophy  of  the  gonads,  adrenal  cortex, 
thyroid,  liver,  spleen,  and  kidneys.  Daily  grafts  of  the  pituitary 
prevented  these  results.  Innumerable  experimental  removals  of  the 
pituitary  have  now  shown  that  it  is  not  essential  for  life.  Excision  of 
the  pituitary  as  performed  by  Horsley  was  difficult,  prone  to  be 
followed  by  sepsis,  and  the  experimental  results  were  not  satisfactory 
until  in  1907  Nicolas  Paulesco  introduced  the  technique  of  sub- 
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temporal  approach.  Paulesco  found  that  complete  hypophysectomy 
was  fatal  from  toxaemia;  Crowe,  Cushing,  and  Homans  (1910)  con¬ 
firmed  this  in  dogs  and  called  the  resulting  condition  cachexia  hypo- 
physiopriva  on  the  analogy  of  Kocher  s  cachexia  strumipriva  after 
total  thyroidectomy.  Subsequent  excisions  of  the  whole  pituitary 
by  other  experimenters  were  not  universally  or  necessarily  fatal. 

From  their  production,  by  partial  excision  of  the  pituitary,  of 
hypopituitarism  with  the  clinical  picture  of  adiposo-genital  dystrophy 
Cushing  and  his  co-workers,  about  1908,  drew  the  logical  and  im¬ 
portant  deduction  that  the  converse  condition,  of  acromegaly ,  is  due  to 
hyperpituitarism.  Contradictory  conclusions,  from  experimental  re¬ 
moval  of  the  whole  pituitary,  may  depend  on  several  factors,  such  as 
incomplete  removal,  the  presence  of  accessory  pituitary  tissue  in 
the  nose  or  elsewhere,  and  compensatory  hyperplasia,  difference  in  the 
reaction  of  different  species  of  animals  and  at  different  ages.  On  the 
other  hand,  the  serious  results  ascribed  to  hypophysectomy  have 
been  regarded  as  due  to  damage  done  simultaneously  to  the  hypo¬ 
thalamus  ;  and  have  been  induced  by  localized  trauma  to  the  hypo¬ 
thalamus,  the  pituitary  being  untouched.  In  1912  Aschner  pointed 
out  the  importance  of  injury  to  the  adjacent  brain  tissues  in  removal 
of  the  pituitary ;  but  it  was  not  until  about  1922  that  this  view  at- 
attracted  general  attention  from  the  work  of  Jean  Camus  and 
Roussy  (1913,  1920),  Bremer  and  Bailey  (1921),  Dandy  and  Reichert 
(1925),  Fulton  and  Bailey  (1929).  Camus  and  Roussy  attributed 
more  importance  than  did  Aschner  to  lesions  of  the  hypothalamus, 
and  ascribed  to  them  most,  if  not  all,  of  the  following  disturbances : 
polyuria,  glycosuria,  genital  atrophy  and  loss  of  sexual  function,  and 
obesity. 

Bremer  and  Bailey  and  Fulton  and  Bailey  showed  that  superficial 
lesions  of  the  tuber  cinereum,  when  the  pituitary  is  intact,  produce 
polyuria,  and  that  excision  of  nearly  all  the  pituitary,  provided  injury 
to  the  base  of  the  brain  is  obviated,  is  not  followed  by  polyuria.  Smith 
(1930)  brought  forward  experimental  evidence  in  favour  of  the  view 
that  lesions  of  the  hypothalamus  were  responsible  for  adiposity ;  but 
negative  results  were  obtained  by  Fisher,  Ingram,  and  Ranson  (1934), 
who  ascribed  the  polyuria  to  lesions  of  the  hypothalamico -hypophysial 
system. 

The  close  proximity  of  the  pituitary  to  the  tuber  cinereum  and  the 
hypothalamus  is  of  great  importance,  (i)  From  the  influence  of 
pituitary  secretions  on  the  nuclei  in  the  hypothalamus,  those  in  the 
posterior  part  controlling  the  sympathetic  division  of  the  autonomic 
system,  and  those  in  the  anterior  part  of  the  hypothalamus  which,  it 
is  highly  probable,  are  the  head-quarters  of  the  parasympathetic 
system.  According  to  Cushing  (1933)  there  are  two  routes  by  which 
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the  pituitary  secretion  passes  to  the  hypothalamus:  (a)  from  the 
anterior  lobe  by  the  hypophysio-portal  system  of  vessels,  and  (6) 
from  the  pars  intermedia  through  the  tissue  spaces  in  the  pars 
nervosa;  the  secretion  (colloid  or  hyaline)  may  thus  enter  the  third 
ventricle  through  its  wall  and  pass  into  the  cerebrospinal  fluid  ( vide 
also  p.  54). 

(ii)  Tumours  of  the  pituitary  may  by  pressure  or  irritation  of  the 
important  nuclei  in  the  hypothalamus  bring  about  symptoms  which 
are  not  due  to  alteration  in  the  hormone  secreted  by  the  pituitary. 

The  relative  importance  and  relations  of  (i)  the  pituitary  and  (ii) 
the  32  vegetative  nuclei  in  the  hypothalamus  have  been  much  dis¬ 
cussed,  especially  by  Cushing  and  by  Roussy  and  his  co-workers 
Camus  and  Mosinger,  who  have  since  1913  insisted  on  the  pre¬ 
dominance  of  the  hypothalamus.  Roussy  and  Mosinger  (1933) 
described  three  stages  of  opinion:  (1)  the  hypophysial  phase,  in 
which  the  pituitary  monopolized  the  attention  of  investigators  such 
as  Cushing,  Biedl,  and  Maranon.  The  anterior  lobe  was  credited  with 
the  functions  of  growth  and  the  development  of  the  skeleton,  and  the 
posterior  lobe,  in  spite  of  its  nervous  structure,  with  the  metabolism 
of  carbohydrates,  water,  and  fat.  (2)  The  phase  of  the  tuber  cinereum 
in  which  the  functions  of  the  pituitary  were  regarded  as  less  important 
than  before,  dating  from  the  work  of  Aschner  in  1912  and  Camus  and 
Roussy  in  1913,  and  subsequently  confirmed  by  Leschke,  by  Bremer 
and  Bailey  (1921),  Houssay,  and  others.  The  metabolic  functions 
were  considered  to  be  controlled  by  the  nuclei  in  the  hypothalamus. 
(3)  The  present  stage  in  which  the  complex  relations  of  the  pituitary 
hormones  and  the  nuclei  in  the  hypothalamus  have  become  recognized. 

The  control  which  the  hypothalamus  exerts  on  the  pituitary  and 
other  endocrine  glands  has  been  called  the  central  neuro- humoral 
mechanism  (Roussy  and  Mosinger). 

Extracts  of  the  anterior  lobe  exert  a  stimulating  action  on  growth 
and  on  other  endocrine  organs,  and  thus  a  number  of  active  principles 
have  been  described,  but  it  is  not  finally  settled  that  there  are  a 
corresponding  number  of  hormones.  While  the  action  of  the  pituitary 
on  other  endocrine  glands  is  here  insisted  on,  there  is  a  growing 
amount  of  evidence  that  the  pituitary  undergoes  cellular  changes  as 
the  result  of  lesions  or  changes  in  other  endocrine  organs.  The  follow¬ 
ing  active  principles  have  been  described :  (1 )  a  somatotropic  growth - 
promoting  from  the  eosinophil  cells;  (2)  a  thyroid-stimulating, 
thyrotropic,  or  thyro-stimulin ;  (3)  a  metabolism  -  controlling  ;  (4)  a 
gonadotropic-prolax,  rho ;  (5)  an  adreno-cortical-stimulating ;  (6) 
a  parathyrotropic  ;  (7)  a  pancreatico-tropic  ;  (8)  a  diabetogenic  ;  (9)  a 
fat-metabolic  ;  (10)  a  galactogenic  or  mammotropic  ;  (11)  a  bromine 
constituent. 
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1.  Growth  Hormone.  The  presence  in  the  anterior  lobe  of  a  hor¬ 
mone,  stimulating  growth  of  the  body  in  general,  was  experimentally 
established  in  1921  by  Long  and  Evans  j  it  had  been  anticipated  for 
some  time  on  clinical  and  other  grounds,  for  example,  in  1919  Robert- 
son  and  Ray  ascribed  a  growth-controlling  power  to  tethelin,  an 
extract  from  the  anterior  pituitary,  which,  however,  Drummond  and 
Cannan  (1922)  found  to  be  a  very  impure  mixture  of  lipoids  without 
any  such  effect.  Long  and  Evans  produced  gigantism  in  rats  by 
repeated  intraperitoneal  injections  of  an  emulsion  of  the  anterior  lobe. 
Oral  administration  of  the  emulsion  did  not  produce  any  effect,  as  the 
hormone  appears  to  be  almost  completely  destroyed  in  the  stomach. 
Experimental  removal  of  the  anterior  pituitary  in  rats  or  its  destruc¬ 
tion  by  disease,  as  in  Simmonds’s  disease,  inhibits  growth,  and  this 
dwarfing  can  be  prevented  by  the  administration  of  anterior 

pituitary. 

The  growth  hormone  derived  from  the  eosinophil  cells  in  the 
anterior  pituitary  was  at  first  thought  to  be  also  responsible  for 
nutritional  changes  in  the  adrenal  cortex,  hyperplasia  of  the  eosino¬ 
phil  cells  in  the  anterior  pituitary  being  correlated  with  hyperplasia 
of  the  adrenal  cortex  (F.  J.  Kraus,  1926)  and  the  converse  relation 
between  hypoplasia  of  the  two  structures  (Kohn,  1924 ,  P.  E.  Smith, 
1927).  But  the  adrenotropic  (Collip,  1933),  thyrotropic,  gonado¬ 
tropic,  and  other  principles  have  since  been  isolated  and  separated 
from  the  general  growth  hormone.  It  has,  however,  been  urged  that 
the  growth  of  the  various  organs  is  largely  independent  of  the 
pituitary,  the  growth  hormone  of  which  permits  enlargement  of 
the  body  as  a  whole  with  a  hormonal  and  proportional  increase  in  the 
size  of  the  various  organs  (Selye,  Mortimer,  Thomson,  and  Collip, 
1934).  According  to  Erdheim  (1916)  both  thyroid  and  pituitary 
influence,  more  especially  the  latter,  are  necessary  for  normal 
endochondral  ossification. 

The  possible  influence  of  the  growth-promoting  hormone  on 
tumour  formation  has  naturally  aroused  interest  and  stimulated 
speculation  and  research. 

Ball,  Samuels,  and  Simpson  (1932)  showed  experimentally  that 
hypophysectomy  exerted  an  inhibiting  effect  on  implanted  carcinoma. 
Reiss,  Druckrey,  and  Hochwald  (1933)  performed  hypophysectomy 
on  a  number  of  rats  and  inoculated  them,  before  and  after ,  with 
Jensen’s  sarcoma.  In  animals  with  tumours  before  hypophysectomy 
was  performed  the  rate  of  tumour  growth  was  much  retai  ded  ,  when  the 
sarcoma  was  inoculated  at  the  same  time  as  hypophysectomy,  the 
growth  of  the  tumour  was  progressively  slowed  and  after  3  weeks 
tended  to  undergo  atrophy.  The  changes  in  the  tumours  ran  parallel 
with  the  general  atrophy  of  the  body  after  excision  of  the  pituitary. 
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Conversely  Sugiura  and  Benedict  (1933)  found  that  the  anterior  pitui¬ 
tary  extract  was  the  only  endocrine  extract  to  stimulate  tumour 
growth. 

Escat  (1933)  is  responsible  for  the  hypothesis  that  after  the  age  of 
50  years  when  the  growth  hormone  of  the  pituitary  no  longer  stimu¬ 
lates  the  dying  gonads,  it  exerts  a  similar  action  on  masses  of  cells 
elsewhere  in  the  body,  which  have  not  taken  part  in  the  general  senile 
change,  and  that  when  this  action  occurs  slowly  an  innocent  tumour, 
and  when  rapid  a  malignant  tumour,  results.  But  no  evidence  is 
forthcoming.  In  1923  Berblinger  and  Muth  found  that  in  half  the 
cases  of  malignant  disease  there  was  a  change  in  the  chromophobe 
cells.  Wyeth  (1934)  could  not  confirm  this  observation  and  ascribed 
the  increased  weight  of  the  pituitary  in  75  cases  of  primary  malignant 
disease  in  various  parts  of  the  body  to  an  increased  number  of  eosino¬ 
phil  cells,  the  increased  weight  as  compared  with  that  in  controls  being 
independent  of  emaciation.  The  patients  were  free  from  any  signs  of 
acromegaly.  Close  (1934),  however,  found  that  whereas  chromophobe 
adenomas  of  the  anterior  pituitary  were  present  in  rather  less  than 
10  per  cent,  of  all  pituitaries,  they  were  much  commoner  (50  per  cent.) 
in  prostatic  adenoma,  carcinoma  of  the  rectum,  pancreas  and  bronchus. 
Accordingly  he  tentatively  raised  the  possibility  of  an  association 
between  chromophobe  adenomas  and  new  growths  (compare  p.  392). 

Aron  (1934,  1935)  stated  that  injection  of  the  urine  of  patients  with 
malignant  disease  produced  hyperplasia  of  the  adrenal  cortex  in  rabbits, 
whereas  the  urine  of  normal  persons  and  of  patients  with  diseases 
other  than  malignant  disease  did  not  have  this  effect.  This  reaction 
was  definitely  contested  by  Roussy,  Oberling,  and  Guerin  (1934). 

Evans  and  Simpson  (1928)  described  two  hormones  in  the  anterior 
pituitary:  (i)  the  growth-promoting  hormone  derived  from  the 
eosinophil  cells,  for  which  van  Dyke  and  Wallen- Lawrence  (1930) 
proposed  the  name  phyone  (</>uo>  =  I  grow),  and  (ii)  a  gonad-thyroid- 
cortico-adrenal-promoting  hormone  manufactured  by  the  basophil 
cells,  for  which  van  Dyke  and  Wallen-Lawrence  suggested  the  name 
‘hebin’  =  youth).  This  supposed  single  hormone  was  later 

broken  up  into  a  number  of  separate  hormones. 

2.  A  thyrotropic  or  thyroid- stimulating  hormone  in  the  anterior 
pituitary  was  described  by  Uhlenhuth  and  Schwarzbach  (1928)  and 
was  investigated  and  called  thyro-stimulin  by  Aron  (1929,  1930) ;  it 
has  also  been  spoken  of  as  the  calorigenic  hormone.  The  thyrotropic 
and  the  adrenotropic  fractions  in  extracts  of  the  anterior  pituitary, 
which  had  been  found  to  be  associated,  were  separated  by  Collip, 
Anderson,  and  Thomson  (1933).  Injection  of  the  extract  of  the 
anterior  pituitary  has  produced  proliferation  of  the  thyroid,  and 
excision  of  the  pituitary  has  been  followed  by  atrophy  of  the  thyroid. 

Loeb  and  Bassett  ( 1929)  and  Silberberg  ( 1929)  produced  hypertrophy 
of  the  thyroid  in  guinea-pigs  by  repeated  intraperitoneal  injections  of 


61 


PHYSIOLOGY 

an  extract  of  the  anterior  pituitary;  Laraniov  and  Kotawa  (1931) 
showed  that  the  cells  in  the  thyroid  acini  were  rendered  more  columnar, 
and  Thurston  (1933)  produced  the  same  effect,  though  differing  in 
degree,  in  the  following  order,  in  mice,  rats,  rabbits,  cats,  pigeons,  and 
guinea-pigs,  the  effect  being  most  prominent  in  guinea-pigs  and  least 
in  mice.  In  young  dogs  hypophysectomy  prevented  compensatory 
hypertrophy  of  the  thyroid  after  partial  thyroidectomy  (Kahler,  1934). 
An  extract  from  the  whole  of  the  anterior  pituitary,  called  hormo- 
thyrin,  was  described  by  Paal  in  1931 ;  its  stimulating  effect  on  the 
thyroid  was  shown  by  its  increasing  the  resistance  of  mice  to  acetoni¬ 
trile.  As  the  result  of  experimental  injection  of  anterior  pituitary 
extract  the  thyroid  showed  the  changes  of  toxic  goitre,  and  even  after 
cessation  of  the  administration  of  the  anterior  lobe  extract,  the  cells 
of  the  thyroid  showed  the  hyperplasia  of  the  Golgi  apparatus  charac¬ 
teristic  of  toxic  goitre  (Krogh,  Lindberg,  and  Okkels,  1932). 

It  has  been  suggested  that  the  eosinophil  cells  provide  the  thyro¬ 
tropic  hormone  (Marine,  Hosen,  and  Spark,  1934),  but,  as  the 
pituitary  glands  of  experimental  (rat)  cretins  from  which  eosinophil 
cells  are  nearly  absent,  contain  the  hormone,  this  is  improbable 
(Zechwer,  Davison,  Keller,  and  Livingood,  1935). 

The  action  of  the  thyroid- stimulating  principle  of  the  anterior 
pituitary  is,  as  Dodds  (1934)  pointed  out,  analogous  to  that  of 
prolan  on  the  ovary. 

Anti-thyrotropic,  Inhibitory  Substance.  Repeated  injections  of  the 
pituitary  thyrotropic  hormone  have  been  found  to  lose  their  effect 
on  the  thyroid  (Loeb,  1931,  Collip  and  Anderson,  1934).  An  inhibi¬ 
tory  or  anti-pituitary  substance  is  formed  and  is  present  in  the  blood, 
for  the  blood-serum  of  such  animals  when  injected  with  the  thyro¬ 
tropic  hormone  into  hypophysectomized  rats,  which  are  specially 
susceptible  to  it,  inhibits  any  reaction.  The  anti-hormone  has  been 
thought  to  be  normally  present  in  the  blood  and  only  to  become  ob¬ 
vious  in  certain  circumstances  {vide  p.  3). 

Not  only  does  the  thyrotropic  hormone  of  the  anterior  pituitary 
control  the  thyroid,  but  the  thyroid  has  an  influence  over  the  anterioi 
pituitary ;  thus  female  rats  fed  on  dried  thyroid  showed  loss  of 
weight  with  increased  number  and  size  of  the  basophil  cells  in  the 
anterior  pituitary  (Campbell,  Wolfe,  and  Phelps,  1934).  Thyroidec¬ 
tomy  in  rats  was  found  to  be  followed  by  almost  complete  disappear¬ 
ance  of  the  eosinophil  cells,  an  increase  in  the  basophil  cells,  and  the 
presence  of  large  cells  (‘thyroidectomy  cells’)  containing  hyaline 
(Zechwer,  Davison,  Keller,  and  Livingood,  1935).  The  increased  size 
of  the  pituitary,  described  by  Rogowitsch  (1889),  was  thus  brought 
about  {vide  p.  72). 

3.  Influence  of  the  Anterior  Pituitary  on  Metabolism.  Cushing  and 
Davidoff  (1927)  stated  that  the  chromophil  cells  raised  the  metabolic 
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rate,  and  Foster  and  Smith  (1926)  showed  that  experimental  removal 
of  the  pituitary  was  followed  by  a  fall  in  the  metabolic  rate,  which 
was  corrected  by  either  daily  homotransplants  of  the  anterior  pituitary 
or  by  daily  injections  of  thyroid  extract.  It  has  been  shown  that  in¬ 
jections  of  anterior  pituitary  extract  produce  a  rise  of  the  metabolic 
rate  indirectly  through  the  thyroid,  for  the  injections  do  not  have 
this  effect  in  thyroidectomized  animals  (Siebert  and  Smith,  1930) ; 
Houssay  (1934)  confirmed  this  and  found  that  in  thyroidectomized 
dogs  removal  of  the  pituitary  did  not  bring  about  a  further  fall  in  the 
metabolic  rate.  Collip  and  Anderson  (1933)  found  that  experimental 
injection  of  the  thyroid-stimulating  principle  of  the  anterior  pituitary 
gave  rise  to  thyroid  hyperplasia  and  raised  the  basal  metabolic  rate 
in  the  normal  rat,  the  hypophysectomized  rat,  and  the  guinea-pig, 
but  that  this  effect  lasted  for  2  or  3  weeks  only,  the  animals  becoming 
resistant  to  the  thyrotropic  hormone. 

4.  Gonadotropic  Hormone  {Prolan).  The  observations  leading  up  to 
the  establishment  of  this  important  influence  of  the  anterior  pituitary 
on  the  female  gonads  are  briefly  as  follows:  Comte  (1898)  noticed  the 
increased  size  of  the  pituitary  during  pregnancy  {vide  p.  51); 
Launois  and  Mulon  (1903)  ascribed  the  enlargement  to  proliferation 
of  the  basophil  cells;  Erdheim  and  Stumme  (1909)  described  the 
pregnancy  cells  {vide  p.  51) ;  Aschner  (1912)  produced  genital  hypo¬ 
plasia  by  excision  of  the  pituitary,  a  sequel  amply  confirmed  ;  Evans 
(1924)  by  injection  of  saline  extracts  of  bovine  anterior  pituitary 
inhibited  the  oestrous  cycle  in  rats  and  produced  striking  alterations 
in  the  ovaries,  namely,  luteinization  of  the  follicles.  Changes  in  the 
predominant  histological  character  of  the  cells  in  the  anterior  pitui¬ 
tary  during  the  rhythm  of  the  sex  cycle  in  albino  rats,  namely,  baso¬ 
philism  during  the  oestrous  and  eosinophilism  during  the  dioestrous 
intervals,  were  subsequently  described  by  Charipper  and  Haterius 
(1932).  B.  Zondek  and  Aschheim  (1926)  described  gonadotropic 
activity  in  the  anterior  pituitary,  and  in  1927  found  that  the  urine 
of  the  pregnant  females  contained  a  principle  with  the  same  action  as 
that  possessed  by  the  gonadotropic  principle  in  the  anterior  pituitary  ; 
the  identity,  however,  of  the  pituitary  prolan  and  the  urinary 
principle  has  been  contested;  Evans  and  his  co-workers  (1931) 
found  a  difference  in  their  reaction  on  hypophysectomized  animals 
{vide  p.  403),  and  it  has  been  stated  that  the  urinary  principle  is  pro¬ 
duced  in  the  placenta  (Philipp,  1930).  Zondek  and  Aschheim 
described  two  gonadotropic  principles,  namely,  prolan  A  and  prolan 
B.  In  the  female,  prolan  A  was  said  to  ripen  the  ovarian  follicles  and 
stimulate  them  to  the  secretion  of  the  female  sex  hormone  known 
as  oestrin,  folliculin,  or  theelin,  which  produces  the  phenomena  of 
oestrus.  Prolan  B  was  considered  to  luteinize  the  Graafian  follicle  and 
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to  lead  to  the  secretion  of  a  hormone— lutin,  corporin,  or  progestin 
(Corner  and  Allen,  1929) — which  prepares  the  endometrium  for  the 
reception  of  the  ovum.  Thus  the  ovarian  hormones  are  activated 
only  by  prolans  A  and  B,  and  in  the  absence  of  the  ovaries  prolan  A 
and  B  are  unable  to  exert  any  influence.  Lipschiitz  (1934)  argued 
that  a  third  gonadotropic  hormone  sensitizes  the  ovarian  follicle  so  as 
to  react  to  prolan  B.  In  1928  Evans  and  Long  concluded  that  two 
principles  influencing  the  ovary  are  secreted  by  the  anterior  pituitary , 
but  that  the  one  with  a  luteinizing  action  is  identical  with  the  growth- 
stimulating  hormone.  Evidence  for  two  distinct  hormones  influenc¬ 
ing  the  ovarian  cycle  was  also  brought  forward  by  Weisner  and  Crew 
in  1930  who  called  them  rho  I  and  rho  II,  and  in  1931  by  B.  Zondek  ; 
Fevold,  Hisaw,  and  Leonard ;  Hill  and  Parkes ;  and  a  method  of 
separating  the  follicle -stimulating  and  the  luteinizing  hormones  has 
been  described  (Fevold  and  Hisaw,  1934).  Hypophysectomy  has  been 
found  to  exert  a  deleterious  effect  on  the  survival  of  spermatozoa 
in  the  male  reproductive  tract  (White,  1932). 

The  existence  of  two  prolans  has  met  with  considerable  criticism  ; 
Collip  (1933)  could  not  recognize  the  prolan  of  Zondek  nor  the 
existence  of  two  prolans  in  the  placenta,  the  blood  or  urine  of  preg¬ 
nancy,  but  he  called  the  body  stimulating  the  ovary  the  anterior 
pituitary-like  substance  (A.P.L.).  Dodds  (1934)  concluded  that  the 
separation  of  two  prolans  had  not  been  satisfactorily  proved.  Prolan 
has  been  found  to  lower  the  basal  metabolic  rate,  thus  antagonizing 
the  action  of  the  thyroid  (H.  Zondek  and  Koehler,  1930). 

It  has  been  suggested  that  the  basophil  cells  secrete  the  gonado¬ 
tropic  hormone  (Teel  and  Cushing,  1930  ;  B.  Zondek,  1933).  Thomp¬ 
son  and  Cushing  (1934)  produced  a  condition  somewhat  resembling 
pituitary  basophilism  by  prolonged  injection  of  the  gonadotropic  hor¬ 
mone.  That  the  basophil  cells  secrete  the  gonadotropic  hormone  has 
been  contested,  and  it  has  been  thought  that  they  inhibit  the  eosino¬ 
phil  cells  (Woollard,  1933). 

Experimental  injection  of  anterior  pituitary  extract  into  piegnant 
animals  has  produced  discordant  results;  Teel  (1926)  and  Evans  and 
Simpson  (1929)  found  that  pregnancy  was  prolonged,  whereas  Engle 
and  Mermod  (1928),  Zondek  and  Aschheim  (1928),  Bellerby  (1935)  and 
others  observed  ovulation,  abortion  or  resorption  of  the  embryos, 
and  disappearance  of  the  corpora  lutea  of  pregnancy.  Teel  found  that 
there  was  a  proliferation  of  the  lutein  cells  which  caused  a  failuie  of 
the  mechanism  of  delivery  so  that  the  foetus  died  from  asphyxia. 


In  addition  to  the  action  of  pituitary  prolan  on  the  lutein  cells 
there  is  evidence  that  the  secretion  of  the  lutein  cells  can  act  on  the 
cells  in  the  anterior  pituitary ;  thus  injection  of  a  lipoid  extract  of  the 
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corpus  luteum  into  adult  rats  has  induced  the  formation  of  large 
pregnancy  cells  (Charipper,  1934). 

5.  Adrenotropic  or  Interrenotropic  (Collip,  Anderson,  and  Thomp¬ 
son,  1933),  Corticotropic  (Anselmino,  Hoffmann,  and  Herold,  1934),  or 
Adreno-cortical  Stimulating  Hormone.  Experimental  hypophysectomy 
caused  atrophy  of  the  cortex  (P.  E.  Smith,  1926,  1927),  and  in  dogs 
Houssay  and  Sammartino  (1933)  found  that  excision  of  the  anterior 
pituitary  was  followed  by  atrophy  of  the  zona  reticularis  and  the 
zona  fasciculata,  but  not  of  the  zona  glomerulosa  (which  was  normal 
or  even  hypertrophied)  or  of  the  medulla.  The  cortical  atrophy  thus 
produced  could  be  prevented  or  repaired  by  grafting  adrenals  or  by 
cortical  extract  (Evans,  Pincharz,  Meyer,  and  Simpson,  1932).  After 
experimental  hypophysectomy  the  power  of  one  adrenal  to  undergo 
compensatory  hyperplasia  for  removal  of  the  other  was  found  to  be 
lost  (Schumacher  and  Firor,  1934).  Delille  (1909)  had  observed 
hypertrophy  of  the  cortex  after  injection  of  pituitary  extract ;  Emery 
and  Atwell  (1933)  by  injection  of  whole  pituitary  into  castrated  and 
normal  albino  rats  produced  enlargement  of  the  cortex  and  also,  but 
to  a  less  extent,  of  the  medulla.  Injection  of  anterior  pituitary  into 
guinea-pigs  caused  increased  mitosis  in  the  zona  glomerulosa  and  the 
outer  part  of  the  zona  fasciculata  (Schmeckebier,  1934).  Employing 
an  extract  of  the  anterior  pituitary,  which  differed  from  its  other 
extracts  except  that  stimulating  the  islands  of  Langerhans,  Ansel¬ 
mino  (1934)  found  that  its  injection  into  young  castrated  female 
mice  caused  enlargement  of  the  adrenal  cortex  due  to  proliferation  in 
the  zona  fasciculata  and  the  zona  glomerulosa.  Moehlig  (1929) 
correlated  hyperplasia  and  hypoplasia  of  the  pituitary  with  corre¬ 
sponding  changes  in  the  adrenal  cortex.  Clinically  hyperplasia  of  the 
anterior  pituitary  in  acromegaly  is  associated  with  hyperplasia  of  the 
adrenal  cortex,  and  conversely  destruction  of  the  anterior  pituitary, 
as  in  Simmonds’s  disease,  is  associated  with  atrophy  of  the  adrenal 
cortex.  In  anencephalous  monsters  damage  of  the  pituitary  appears 
to  be  associated  with  adrenal  aplasia  (vide  p.  310).  The  separation 
of  the  adrenotropic  from  the  thyrotropic  principle  was  effected  by 
Collip,  Anderson,  and  Thomson  (1933) ;  this  was  obviously  important 
as  in  some  of  the  experimental  results  mentioned  above,  the  atrophy 
of  the  adrenal  cortex,  following  hypophysectomy,  was  accompanied 
by  atrophy  of  the  thyroid  and  other  endocrine  glands.  The  adreno¬ 
tropic  principle  has  been  thought  to  be  produced  by  the  basophil 
cells  of  the  pituitary  (E.  J.  Kraus,  1933),  or  by  the  melanophore 
expanding  substance  or  intermedin  (Jores,  1933). 

6.  A  parathyrotropic  principle  is  not  so  well  established  as  the 
thyrotropic  hormone.  Atrophy  or  degeneration  of  the  parathyroids 
has  followed  experimental  excision  of  the  pituitary  (P.  E.  Smith, 
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1927;  Houssay,  Biasotti,  and  Gonzalez,  1930;  Houssay  and  Sam- 
martino,  1933).  But  Collip’s  results  (1933,  1935)  led  him  to  regard 
the  pituitary  control  of  the  parathyroids  as  non-proven.  Positive 
results  from  injection  of  pituitary  extracts  have  been  reported. 

Anselmino,  Hoffmann,  and  Herold  (1934)  after  injection  of  a  pitui¬ 
tary  extract  observed  enlargement  of  the  parathyroids,  increase  in 
the  number  of  the  clear  principal  cells,  diminution  of  the  deeply 
staining  cells,  absence  of  the  eosinophil  cells,  and  increase  of  the  serum 
calcium  in  rats  and  dogs,  but  not  when  the  pancreas  had  been  excised. 
Hertz  and  Kranes  (1934)  obtained  enlargement  and  hyperplasia  of 
the  parathyroids  of  rabbits  after  injection  of  extracts  of  the  anterior 
pituitary  and  of  the  urine  of  pregnancy. 

7.  Insulinotropic,  Pancreatotropic  (islands  of  Langerhans-stimulat- 
ing)  Hormone.  According  to  Koster  (1930)  the  pancreas  of  hypophy- 
sectomized  dogs  is  usually  atrophied.  Anselmino  and  Hoffmann 
(1933)  and  Anselmino  (1934)  extracted  from  the  pituitary  a  fraction 
different  from  the  thyrotropic  and  gonadotropic  fractions  in  being 
ultra-filterable,  which  produced  increased  growth  in  the  number  and 
size  of  the  islands  of  Langerhans.  It  thus  lowers  the  blood-sugar  in 
dogs  but  does  not  do  so  in  de-pancreatized  dogs.  Aron's  observations 
(1933),  however,  suggested  that  this  was  due  to  the  thyrotropic 
hormone. 

8.  A  diabetogenic  or  blood-sugar -raising  principle  has  been  described 
mainly  by  Houssay  and  his  co-workers  (Houssay  and  Biasotti,  1931 ; 
Houssay,  Biasotti,  de  Benedetto,  and  Rietti,  1933),  who  showed  that 
in  a  completely  pancreatectomized  dog  with  diabetes  the  hyper  - 
glycaemia,  glycosuria,  and  ketosis  were  considerably  relieved  by 
removal  of  the  anterior  pituitary.  The  ‘Houssay  dog’,  like  the  hypo- 
physectomized  dog,  is  extremely  sensitive  to  insulin,  and  it  therefore 
appears  probable  that  the  diabetogenic  substance  antagonizes  insulin. 
Collip  called  this  the  anterior  pituitary  blood-sugar  raising  hormone, 
and  concluded  (1935)  that  the  diabetogenic  effect  of  the  anterior 
pituitary  1  is  due  to  the  combined  action  of  two  substances,  one  acting 
on  the  blood-sugar  level  (also  called  the  diabetogenic  principle)  and 
the  ketogenic  hormone,  and  that  the  thyrotropic  hormone  is  not 
concerned’.  Lucke,  Heydemann,  and  Duensing  (1933),  who  call  this 
the  contra-insulin  hormone,  found  experimentally  that  it  acts  through 
the  adrenals,  not  the  thyroid,  and  not  through  the  blood  but  by 
nervous  impulses  from  the  blood-sugar  centres,  the  cerebrospinal 
fluid  containing  the  hormone. 

9.  In  addition  to  the  diabetogenic  or  carbohydrate  metabolism 
hormone,  a  fat-metabolism  or  ketogenic  hormone  has  been  described 
in  the  anterior  pituitary.  Ling  and  Burn  (1930)  showed  that  the 
administration  of  anterior  pituitary  extract  to  rats  on  a  diet  of 
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butter  greatly  increased  the  excretion  of  acetone  bodies ;  this  was 
confirmed  by  Anselmino  and  Hoffmann  (1931)  who  called  it  the 
‘fat-metabolism  hormone’,  and  others,  among  whom  Magistris 
(1932)  suggested  the  name  ‘orophysin’  for  this  hormone. 

In  recording  von  Gierke’s  glycogen-storage  disease  in  a  pituitary 
dwarf,  Hertz  (1933)  raised  the  question  of  the  relation  of  this  glyco¬ 
gen-storage  disease  to  pituitary  disorder.  Collip  (1935)  pointed  out 
'  that,  if  the  pituitary  is  responsible,  the  excess  of  ketogenic  hormone 
is  more  likely  than  excess  of  the  diabetogenic  hormone  to  be  the 
causal  factor,  as  ketosis  may  be  present  in  von  Gierke’s  disease. 

10.  Galactogenic,  Lactogenic,  Mammotrojpic  Hormone:  Prolactin, 
Galactin.  The  active  changes  in  the  mammary  glands  during  preg¬ 
nancy  have  been  explained  in  various  ways:  they  have  been  ascribed 
to  the  influence  of  the  placenta  or  the  chorionic  villi  (Halban,  1905) ; 
to  the  foetus  (Starling  and  Lane-Claypon,  1906),  to  a  principle  de¬ 
rived  from  the  corpus  luteum  (Ancel  and  Rouin,  1909) ,  to  oestrin, 
and  to  a  hormone  secreted  by  the  anterior  lobe  of  the  pituitary 
(Strieker  and  Grueter,  1928  ;  Putnam,  Benedict,  and  Teel,  1929  ,  and 
Evans  and  Simpson,  1929).  It  has  been  thought  that  the  three  hor¬ 
mones  oestrin,  progestin,  and  an  anterior  pituitary  principle  are  all 
concerned.  Corner  (1930)  proved  that  the  corpus  luteum  had  not  any 
such  influence,  and  that  the  anterior  pituitary  was  responsible,  and 
Riddle,  Bates,  and  Dykshorn  described  the  hormone  under  the  name 
of  prolactin  in  1932,  and  in  1933  showed  that  the  prolactin  fraction 
was  distinct  from  the  other  growth- stimulating  principles  in  the 
anterior  pituitary.  Further  evidence  of  its  existence  was  shown  by 
the  observation  that  experimental  hypophysectomy  immediately 
arrests  mammary  secretion  (Allan  and  Wiles,  1932 ;  Selye,  Collip, 
and  Thomson,  1933).  It  has  been  isolated  in  a  state  of  purity,  but 
not  yet  crystallized.  It  is  not  secreted  in  conditions  apart  from  preg¬ 
nancy  and  is  thought  to  be  provided  by  the  pregnancy  cells  which 
owe  their  existence  to  the  influence  of  folliculin.  The  lactogenic 
effect  can  be  produced  by  prolactin  only  in  complete  sexual  maturity 
and  complete  morphological  development  of  the  mammary  glands 
(Allen,  Gardner,  and  Diddle,  1935) ;  its  effect  does  not  continue  long, 
and  it  has  been  suggested  that  its  appearance  is  followed  by  the  pro¬ 
duction  of  an  antibody.  In  recently  delivered  women  who  had  not 
had  any  milk  a  week  after  delivery,  its  injection  brought  about  a 
free  supply  of  milk  (Kurzrok,  Bates,  Riddle,  and  Miller,  1934). 

11.  A  bromine  hormone  is  briefly  described  by  H.  Zondek  (1935) 
who  with  Bier  (1932)  found  that  the  anterior  pituitary  is  richer  in  its 
bromine  content  than  any  of  the  endocrine  glands. 

The  chromophobe  cells  have  not  been  proved  to  secrete  any  hor¬ 
mone  or  active  principle.  Of  the  chromophilic  cells  the  oxyphil  cells, 
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as  shown  by  the  oxyphil-celled  adenomas  in  acromegaly,  secrete  the 
growth-controlling  hormone,  and  it  has  been  suggested  that  the 
basophil  cells  provide  the  sex-maturing  hormone  (Teel  and  Cushing, 
1930),  but  this  is  still  open  to  discussion  (Cushing,  1933).  The  word 
antuitrin  has  been  employed  for  a  proprietary  (Parke,  Davis)  ex¬ 
tract  of  the  anterior  lobe,  and  similarly  pituitrin  has  been  used  for  an 
extract  of  the  posterior  lobe  of  the  pituitary. 

Posterior  Lobe  of  the  Pituitary. 

A  number  of  active  principles  can  be  extracted  from  the  posterior 
lobe ;  but  it  is  doubtful  how  far  they  are  formed  actually  in  the  sub¬ 
stance  of  the  pars  nervosa,  or  are  merely  conveyed  there  from  the 
anterior  lobe  and  its  extensions,  the  pars  intermedia  and  the  pars 
tuberalis,  and  formed  by  the  infiltration  of  the  posterior  lobe  by 
basophil  cells  from  the  anterior  lobe.  Cushing  (1933)  considered  it 
almost  inconceivable  that  the  neural  core  of  the  posterior  lobe  could 
independently  elaborate  a  hormone  which  obviously  must  be  pro¬ 
duced  by  its  inseparable  epithelial  investment.  He  believed  that  the 
active  principles  obtained  from  the  posterior  lobe  came  from  the 
infiltrating  basophil  cells  of  the  investing  pars  intermedia  which,  as 
they  ripen,  become  transformed  into  the  hyaline  bodies  which, 
Herring  (1908)  showed  from  histological  examination,  work  their 
way  through  the  loose  neural  spaces  of  the  posterior  lobe  in  the 
direction  of  the  infundibular  cavity  in  the  lower  animals.  Herring’s 
conclusion  that  the  secretion  of  the  posterior  pituitary  passed  into 
the  cerebrospinal  fluid  was  confirmed  in  1910  by  Cushing  and  Goetsch, 
but  contested  by  Carlson  and  Martin  (1911),  who  failed  to  obtain  a 
pressor  response  from  the  cerebrospinal  fluid  which,  however,  they 
did  not  concentrate.  Maurer  and  Lewis  (1922),  from  experimental 
and  microscopic  investigation,  came  to  the  conclusion  that  the 
pressor  principle  left  the  pituitary  by  the  blood-vessels  and  not  by 
traversing  the  interfibrillar  tissue  of  the  pars  nervosa.  Hoyle  (1933) 
found  that  in  man  absorption  of  the  hormone  takes  place  so  rapidly 
that,  though  it  may  be  detected  in  the  cerebrospinal  fluid  obtained 
from  cistern-puncture,  the  normal  cerebrospinal  fluid  obtained 
by  lumbar  puncture  cannot  be  shown  to  contain  pituitrin.  The 
question  of  basophil  invasion  of  the  posterior  lobe  has  given  rise 
to  considerable  difference  of  opinion  {vide  pp.  53,  140). 

Abel  (1924,  1926)  argued  that  the  effects  produced  by  extracts  of 
the  posterior  lobe  are  due  to  one  active  principle  which  was  isolated 
as  a  tartrate,  and  that  the  different  manifestations  are  explained  by 
the  different  way  in  which  the  tissues  react  to  the  principle  ;  thus  the 
kidneys  may  react  to  the  tartrate  either  by  diuresis  or  by  diminution 
in  the  urinary  flow.  Extract  of  the  posterior  lobe  has  an  opposite 
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effect  when  injected  into  the  cerebral  ventricles  to  that  when  injected 
peripherally  (Cushing,  1931),  and  normally  the  secretion  of  the 
posterior  lobe  of  the  pituitary  acts  centrally,  namely,  by  direct  con¬ 
tact  with  the  nuclei  in  the  hypothalamus. 

The  following  effects  have  been  described  as  produced  by  extracts 
of  the  posterior  lobe  of  the  pituitary,  some  of  which  are,  or  may  be 
shown  to  be,  due  to  distinct  hormones:  (1)  pressor  and  depressor, 
(2)  contracting  smooth  muscle,  (3)  expanding  melanophores,  (4) 
diuretic  and  anti- diuretic,  (5)  metabolic,  (6)  galactagogue,  (7)  con¬ 
trolling  the  haemolytic  power  of  the  reticulo-endothelial  system. 

1.  The  Pressor  ( Vasopressin  or  Pitressin)  and  Depressor  Effects. 
Oliver  and  Schafer  in  1895  showed  that  intravenous  injection  of  an 
emulsion  of  the  whole  pituitary  produced  a  rise  of  blood-pressure, 
arterial  constriction,  and  increased  force  of  the  heart.  As  they  had 
found  that  intravenous  injection  of  an  emulsion  of  the  thyroid  caused 
a  fall  of  blood-pressure,  they  contested  the  opinion,  based  on  enlarge¬ 
ment  of  the  pituitary  after  thyroidectomy  (Rogowitsch,  1889),  that 
these  two  glands  are  vicarious  in  function.  Howell  in  1898  proved  that 
the  pressor  effect  observed  by  Oliver  and  Schafer  was  produced  by 
extract  of  the  posterior  lobe  and  that  extract  of  the  anterior  pituitary 
was  in  no  way  responsible.  This  was  a  very  definite  advance  in 
separating  the  two  lobes  physiologically.  Howell  considered  that 
Oliver  and  Schafer  had  been  rather  hasty  in  contesting  the  prevalent 
opinion  that  the  thyroid  and  pituitary  are  physiologically  related  to 
each  other.  Schafer  and  Swale  Vincent  (1899)  confirmed  Howell’s 
observation  that  the  pressor  effect  was  due  to  an  active  principle  in 
the  posterior  lobe ;  and  noted  that  a  second  injection  produced  a  fall 
instead  of  a  rise  of  blood-pressure ;  they  described  a  depressor  sub¬ 
stance  in  the  posterior  lobe,  which  differed  from  the  pressor  sub¬ 
stance  in  being  soluble  in  absolute  alcohol  and  ether.  De  Cyon  (1898- 
1907),  as  already  mentioned,  while  admitting  that  the  pituitary 
had  an  internal  secretion,  regarded  it  as  a  centre  from  which  the 
blood-supply  of  the  brain  is  regulated  through  the  thyroid.  Since 
Howell’s  observations  in  1898  it  has  been  generally  assumed  that 
intramuscular  injections  of  pituitrin  into  an  unaesthetized  human 
being  are  followed  by  a  rise  of  blood-pressure.  In  1913  von  den  Velden 
found  that  there  was  not  any  constant  or  striking  rise  of  blood- 
pressure  after  intramuscular  injection,  and  Behrenroth  (1914), 
Schmidt  (1917),  and  Moffat  (1933)  have  made  similar  observations. 
This  difference  in  the  experimental  and  the  clinical  influence  of 
pituitrin  is  paralleled  by  that  of  digitalis  which  experimentally  raises, 
but  clinically  has  little  effect  on  blood-pressure. 

In  1911  a  pressor  principle  was  obtained  from  the  pars  intermedia, 
the  posterior  part  of  the  anterior  lobe,  and  the  pars  nervosa  of  the 
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pituitary  by  Lewis,  Miller,  and  Mathews ;  it  was  shown  to  be  present 
in  the  pars  intermedia  of  the  pig  during  foetal  life  (Lewis,  1916).  It 
seems  probable  that  this  pressor  principle  is  vasopressin  and  at  any 
rate  not  intermedin  ( vide  p.  70)  isolated  from  the  pars  intermedia  by 
B.  Zondek  and  Krohn  (1932). 

In  1928  Kamm,  Aldrich,  Grote,  Rowe,  and  Bugbee  isolated  from 
the  posterior  lobe  of  the  pituitary  two  fractions  (a)  alpha-hypo- 
phanine,  pitressin  or  tonephin,  which  exerted  the  pressor,  diuretic  - 
anti- diuretic,  and  melanophore-expanding  effects,  and  ( b )  beta- 
hypophanine  or  oxytocin  as  they  called  it,  also  spoken  of  as  pitocm 
or  orasthin,  which  had  the  oxytocic  influence.  But  it  was  admitted 
that  neither  of  these  two  fractions  was  a  chemical  entity,  each  con¬ 
taining  some  of  the  other. 

2.  Contraction  of  Unstriated  Muscle ;  Oxytocin.  In  a  paper  in  1906 
on  some  physiological  actions  of  ergot,  Hale  described,  as  an  incidental 
outcome,  the  well-marked  contraction  of  the  uterine  muscle  pro¬ 
duced  by  extract  of  the  posterior  pituitary,  and  stated  that  ‘the 
pressor  principle  of  the  infundibular  portion  of  the  pituitary  acts  on 
some  constituent  of  plain  muscle  fibre  other  than  that  excited  by 
adrenaline  and  by  impulses  reaching  sympathetic  axon-endings’. 
The  active  principle  oxytocin  (o£vs  =  rapid ;  to kos  =  birth)  was 
separated  from  the  pressor  principle  by  Kamm  and  his  co-workers 
and  in  1927  by  Dudley  and  Dale.  This  power  of  contracting  plain 
muscle,  though  exerted  also  on  the  intestinal  and  the  bronchial 
musculature,  is  not  equally  effective  in  all  parts  of  the  body,  being 
most  manifest  in  the  uterus. 

The  mechanism  by  which  parturition  is  brought  about  at  the  end  of 
pregnancy  is  a  difficult  and  much  discussed  problem.  Thus  in  1904 
Williams  tabulated  eleven  different  hypotheses  to  explain  the  onset. 
Ancel  and  Bouin  (1912)  suggested  that  the  tolerance  of  the  uterus  to 
the  foetus  was,  in  some  manner  not  defined,  due  to  the  corpus 
luteum.  Dixon  and  Marshall  (1924)  considered  that  the  ovary  did 
not  act  directly  on  the  uterus,  but  that  the  ovarian  secretion  (oestrin), 
which  is  inhibited  by  progestin  until  the  corpus  luteum  undergoes 
involution  late  in  pregnancy,  stimulates  the  pituitary  secretion  of 
oxytocin  which  was  shown  by  its  presence  in  the  cerebrospinal  fluid. 
This  conclusion  has  been  much  contested.  Knaus  (1926)  found 
that  experimental  injection  of  posterior  pituitary  extract  did  not 
exert  any  effect  on  the  uterus  except  shortly  before  parturition, 
and  concluded  that  parturition  was  due  to  the  gradually  increased 
muscular  power  of  the  uterus;  Parkes  (1929)  stated  that  the 
decline  of  the  corpus  luteum  and  the  reassertion  of  the  oestrus-pro¬ 
ducing  stimulus  both  tend  to  increase  the  sensitivity  of  the  uterus 
to  oxytocin. 
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Cushing  (1930)  found  that  experimental  excision  of  the  pituitary 
in  pregnant  animals  was  almost  always  followed  by  abortion,  pre¬ 
sumably  from  a  flood  of  oxytocic  hormone  passing  into  the  circulation. 
Allan  and  Wiles  (1932),  on  the  other  hand,  found  that  in  pregnant  cats 
delivery  occurs  naturally  in  the  absence  of  the  whole  pituitary  and 
does  not  necessarily  follow  directly ;  suckling,  however,  was  not 
observed  to  take  place. 

In  a  review  of  the  subject  Allan  and  Dodds  (1930)  left  open  the 
question  whether  the  onset  of  labour  is  due  to  (i)  the  sudden  appear¬ 
ance  or  accumulation  of  a  chemical  substance  in  the  blood,  which 
acts  on  the  uterus,  or  to  (ii)  nervous  impulses  possibly  started  through 
purely  visceral  stimuli,  e.g.  distension  of  the  uterus. 

3.  A  melanophore- expanding  principle  was  described  in  1922  by 
Hogben  and  Winton  as  present  in  an  extract  of  the  posterior  pitui¬ 
tary.  Ten  years  later  B.  Zondek  and  Krohn  isolated  from  the  pars 
intermedia  the  whole  pituitary,  the  infundibular  stalk,  and  the  walls 
of  the  third  ventricle,  but  not  from  any  other  part  of  the  body  in 
warm-blooded  animals,  a  hormone  ‘intermedin’  which  has  not  any 
effect  on  the  thyroid,  on  basal  metabolism  or  on  the  gonads,  but  has 
a  specific  biological  effect  in  dilating  the  melanophores  of  the  min¬ 
now.  The  melanophore  principle  has  been  found  to  be  distinct  from 
the  pressor  and  oxytocic  principles  in  the  pars  nervosa  (Knaus, 
Dreyer,  and  Clark,  1925;  Zondek  and  Krohn,  1932).  It  has  been 
stated  to  have  an  anti-diuretic  action  (Sulzberger,  1933). 

4.  Diuretic  and  Anti-diuretic  Effects.  The  diuretic  action  of  posterior 
lobe  extracts  was  pointed  out  by  Schafer  (1850-1935)  and  Magnus 
(1872-1927)  in  1901,  and  in  1908  Schafer  and  Herring,  besides  describ¬ 
ing  pressor  and  depressor  effects,  found  a  water-soluble  substance 
not  destroyed  by  boiling,  which  acted  specifically  on  the  kidney  by 
dilating  the  blood-vessels  and  causing  diuresis.  They  also  noticed  a 
transient  anti-diuretic  effect  which  was  ascribed  to  vaso-constriction 
of  the  renal  vessels  and  not  to  a  separate  anti-diuretic  principle. 
Injection  into  a  vein  caused  immediate  diuresis  followed  by  more 
prolonged  anti-diuresis,  whereas  hypodermic  injection  caused  anti¬ 
diuresis  with  subsequent  diuresis.  As  already  mentioned  ( vide  p.  67), 
the  conception  of  separate  substances  of  a  pressor,  oxytocic,  and  other 
effects  was  contested  by  Abel,  who  obtained  both  diuresis  and  anti¬ 
diuresis  with  the  single  tartrate  extract ;  Dale  and  Dudley  (1927 )  and 
Kamm  and  his  co-workers  (1928)  brought  forward  evidence  against 
the  unity  of  the  active  principles  in  the  posterior  pituitary.  Theobald 
(1934)  stated  that  there  is  not  any  reliable  evidence  that  the  pressor 
and  the  anti-diuretic  principles  are  distinct,  and  Geiling  (1935) 
definitely  concluded  that  the  diuretic-antidiuretic  actions  are  both 
due  to  the  pressor  hormone. 
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Excess  of  an  anti-diuretic  hormone  of  the  posterior  lobe  of  the 
pituitary  has  been  thought  to  be  responsible  for  some  of  the  symptoms, 
such  as  water  retention  and  oedema,  raised  blood-pressure,  diminished 
urinary  excretion  and  capillary  spasm,  of  puerperal  toxaemia  (Ansel- 
mino,  Hoffmann,  and  Kennedy,  1932). 

5.  The  posterior  lobe  has,  like  the  anterior  lobe,  been  thought  to 
regulate  metabolism  (Geiling  and  DeLawder,  1932).  Borchardt 
(1908)  observed  that  injection  of  posterior  pituitary  extract  pro¬ 
duced  hyperglycaemia,  and  Goetsch,  Cushing,  and  Jacobson  (1911) 
brought  forward  evidence  that  sugar  tolerance  depended  on  func¬ 
tional  activity  of  the  posterior  pituitary.  A  similar  function  has  been 
ascribed  to  the  anterior  lobe,  and  the  same  principle  may  be  present 
in  both  lobes.  Geiling  and  Eddy  (1928)  found  that  both  vasopressin 
and  oxytocin  caused  hyperglycaemia.  But  Holman  and  Ellsworth 
(1935)  on  re-investigating  this  point  showed  that  the  oxytocic  frac¬ 
tion  was  responsible. 

6.  A  galactagogue  effect  causing  the  sudden  expulsion  of  milk  from 
the  mamma  of  a  lactating  animal  has  been  explained  as  due  to  con¬ 
traction  of  the  plain  muscle-fibres  around  the  ducts.  The  action  of 
the  oxytocic  hormone  is  to  expel  milk  already  secreted.  The  problem 
of  the  hormonal  control  of  milk  secretion  is  complex  ( vide  pp.  66,  405). 

7.  A  gastrotropic  hormone  in  a  fraction  of  the  posterior  lobe  con¬ 
taining  the  pressor  hormone  was  described  by  Dodds,  Noble,  and 
Smith  (1934).  It  induced  a  severe  haemorrhagic  infiltration,  re¬ 
sembling  the  result  of  a  corrosive  poison,  of  the  acid-secreting  area  of 
the  stomach  when  either  injected  hypodermically  or  intravenously. 
The  oxytocic  fraction  does  not  have  this  effect.  Later  it  was  shown 
that  a  grave  macrocytic  anaemia  out  of  proportion  to  the  amount  of 
blood  lost,  resulted  (Dodds  and  Nobel,  1935),  and  it  was  suggested 
that  a  fraction  of  the  extract  from  the  posterior  pituitary  controlled 
haemolysis  by  the  reticulo-endothelial  system.  The  gastric  lesion 
was  stated  not  to  resemble  that  produced  by  damage  to  the  base  of 
the  brain  ;  this  is  of  considerable  interest  in  connexion  with  Cushing’s 
Balfour  lecture  (1931)  on  peptic  ulcer  and  the  interbrain,  in  which 
the  ulceration  was  ascribed  more  to  the  surgical  operation  than  to  the 
cerebral  tumour  and  to  parasympathetic  hypertonus  which  might  be 
activated  by  damage  to  the  tuber  cinereum. 

The  interrelations  between  the  pituitary  and  the  other  recognized 
endocrine  glands  have  already  been  touched  on.  In  addition  to  the 
stimulating  action  exerted  by  the  pituitary  on  these  glands  there  is  a 
reciprocal  effect,  the  pituitary  being  influenced  by,  and  in  some 
instances  showing  structural  alterations  as  the  result  of,  changes  in 
the  other  endocrine  glands.  The  first  observation  of  this  correlation 
was  the  observation  in  1886-9  of  Rogowitsch  that  thyroidectomy  was 
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followed  by  enlargement  of  the  pituitary,  especially  of  the  anterior 
lobe,  which  may  contain  colloid  material  resembling  that  of  the 
thyroid  in  appearance,  but  not  in  its  iodine  content.  This  enlarge¬ 
ment,  often  regarded  as  compensatory,  has  been  widely  confirmed, 
and  a  similar  enlargement  was  observed  by  Hale  White  (1886)  and 
Boyce  and  Beadles  (1893)  in  myxoedema.  In  cretinism,  produced 
experimentally  and  in  man,  the  histological  character  of  the  anterior 
pituitary  is  altered  (vide  p.  166),  and  in  toxic  goitre  Kraus  observed 
a  similar  diminution  in  the  number  of  eosinophil  cells  in  the  anterior 
pituitary.  Experimental  parathyroidectomy  has  been  stated  to  be 
followed  by  an  increased  amount  of  colloid  in  the  pituitary  (Thompson, 
1910;  Kamo,  1918).  The  occurrence  of  castration  cells  and  of 
pregnancy  cells  in  the  pituitary  shows  the  reaction  to  gonadal 
changes.  Antagonism  between  the  secretion  of  the  anterior  pituitary 
and  insulin  has  been  established,  and  after  hypophysectomy  dogs 
become  more  sensitive  to  insulin. 
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DISEASES  OF  THE  PITUITARY 

History.  Though  clinical  interest  in  pituitary  disease  mainly  dates 
from  1886  when  Pierre  Marie  (1853-  )  published  the  first  of  his 

articles  on  acromegaly,  morbid  changes  in  the  gland  had  been 
occasionally  noted  in  and  since  the  seventeenth  century.  Theophile 
Bonet  (1620-69),  the  forerunner  of  Morgagni  (1682-1771),  referred 
to  enlargement  of  the  pituitary  in  1679,  as  did  Raymond  Vieussens 
(1641-1715)  in  1705.  J.  J.  Wepfer  (1620-95)  of  Schaffhausen,  the 
describer  of  cerebral  haemorrhage  (1658),  recorded  a  pituitary  in 
1681  twice  the  normal  size.  These,  however,  were  pathological  curio¬ 
sities,  and  Matthew  Baillie  (1761-1823)  stated  in  1797  that  ‘this 
gland  is  very  little  liable  to  be  affected  by  disease’,  and  that  the 
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only  change  lie  had  ever  seen  was  one  of  enlargement  to  twice  the 
normal  size  from  fibrous  tissue,  no  clinical  details  being  given.  Rayer 
(1793-1867)  in  1823  and  A.  W.  Otto  (1786-1845)  in  1831  reviewed 
existing  knowledge  of  pituitary  disease. 

Neighbourhood  symptoms,  due  to  pressure  on  adjacent  parts, 
were  recognized  long  before  the  constitutional  symptoms  in  acro¬ 
megaly,  adiposo -genital  and  other  syndromes.  In  1718  J.  L.  Petit 
(1674-1750)  stated  that  in  most  cases  of  hydrocephalus  the  pitui¬ 
tary  was  £ squirrheuse 5 .  In  1823  Joshua  Ward,  ‘apothecary’  at  the 
London  Hospital,  who  must  not  be  confused  with  the  quack  ‘spot 
Ward  (1685-1761)  ‘a  drysalter  and  protege  of  George  II’,  with  the 
same  name,  and  P.  R.  Rullier  (ob.  1837),  and  in  1705  Vieussens  and 
1833  T.  H.  Hedlund  (1791-1847)  reported  cases  of  blindness.  In 
1810  K.  Wenzel  (1769-1827)  associated  epilepsy  with  pituitary 
disease. 

In  1849  two  pituitary  tumours  were  shown  at  the  Pathological 
Society  of  London:  Nathaniel  Ward  (1820-66)  of  the  London  Hospital 
and  the  first  surgical  secretary  of  the  Society  described  a  pituitary 
three  times  the  natural  size  associated  with  blindness ;  Henry  Gray 
(1827-61)  of  St.  George’s  Hospital  recorded  what  appears  to  have 
been  a  soft  malignant  growth. 

Balllie,  M.,  The  Morbid,  Anatomy  of  Some  of  the  Most  Important  Parts  of  the 
Human  Body,  p.  451,  2nd  edit.,  Lond.,  1797 ;  Bonet,  T.,  Sepulcretum,  sive 
Anatomia  practica,  Genev.,  1679;  Gray,  H.,  Trans.  Path.  Soc.  Lond.,  1848— 
50,  ii.  19;  Hedlund,  T.  H.,  Ars.-Beratt.  om  Svens.  Ldk.-Sjukh.,  i.  Stockholm, 
1833,  20;  Otto,  A.  W.,  Compendium  of  Human  and  Comparative  Pathological 
Anatomy,  translated  by  J.  F.  South,  Bond.,  1831,  i.  393;  Petit,  J.  L.,  Mem. 
Acad.  roy.  d.  sc.,  Paris,  1718,  99;  Rayer,  P.,  Arch.  gen.  de  med.,  Paris,  1823, 
iii.  350 ;  Rullier,  P.  R.,  Arch.  gen.  de  med.,  Paris,  1823,  iii.  302 ;  Vieussens,  R., 
Novum  Vasorum  Corp.  hum.  Sy sterna,  Amsterdami,  1705,  p.  242;  Ward,  J., 
Bond.,  Med.  Repository,  1823,  xx.  217;  Ward,  N.,  Trans.  Path.  Soc.  Lond., 
1848-50,  ii.  19;  Wenzel,  K.,  Ueber  den  Hirnangang  fallsuchtiger  Personen, 
Mainz,  1810;  Wepeer,  J.  J.,  Observations  anatomicae  ex  Cadaveribus,  Amster¬ 
dam,  1681. 

Clinical  Manifestations  of  Pituitary  Disease.  These  may  be 
divided  into  (i)  the  neighbourhood,  and  (ii)  the  constitutional 
symptoms.  But  these  categories  may  be  combined,  for  example  in 
acromegaly  a  large  eosinophil-celled  adenoma  of  the  anterior  pituitary 
may,  in  addition  to  the  constitutional  symptoms  due  to  excessive 
secretion  of  the  growth-promoting  hormone,  produce  mechanical 
pressure  symptoms,  like  other  intracranial  tumours. 

(i)  Neighbourhood  symptoms  are  due  to  pressure  on,  or  invasion 
of,  adjacent  parts — the  segments  of  the  optic  pathway,  the  hypo¬ 
thalamus,  the  third  ventricle,  veins,  and  the  extrinsic  ocular  nerves. 
These  are  associated  with  tumours  and  other  enlargements  of  the 
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pituitary.  Supra-sellar  growths,  such  as  Rathke  pouch  tumours,  may 
involve  both  the  pituitary  and  the  hypothalamus.  Pituitary  tumours 
which  extend  out  of  the  sella  turcica  may  press  on  the  optic  chiasma 
and  cause  paracentral  scotoma  on  the  temporal  side  of  each  field 
developing  into  bitemporal  hemianopia,  primary  optic  atrophy, 
restriction  of  the  visual  fields,  paralysis  of  the  third  and  sixth 
cranial  nerves.  Pressure  on  the  hypothalamus  or  the  thalamico- 
hypophysial  system  may  cause  obesity  and  polyuria,  and,  from  in¬ 
volvement  of  the  third  ventricle,  hydrocephalus,  raised  intracranial 
pressure,  headache,  other  signs  of  cerebral  tumour,  epilepsy,  and 
Jacksonian  epilepsy.  Somnolence  has  been  ascribed  to  involvement 
of  the  neighbourhood  of  the  corpora  mammillaria  behind  the  tuber 
cinereum  (Ranson,  1934). 

The  hereditary  optic  atrophy  described  in  1871  by  Theodor  Leber 
(1840-1911),  and  often  known  as  Leber’s  disease,  has  been  traced 
back  to  the  cases  of  familiar  blindness  described  by  Beer  in  1817. 
J.  H.  Fisher  (1867-1933)  argued  in  1916  that  the  optic  atrophy  is 
primarily  due  to  an  inherited  disorder  of  a  temporary  character 
which  causes  swelling  of  the  pituitary  and  so  pressure  on  the  optic 
chiasma.  In  1923  de  Schweimtz  (1858-  )  thought  that  Leber’s 

atrophy  might  be  due  to  a  temporary  disturbance  of  the  pituitary 
whereby  a  toxin  was  formed  which  damaged  the  optic  nerves. 

Migraine  has  been  ascribed  to  many  causes  including  disorders  of 
endocrine  glands,  but  not  with  convincing  evidence.  Hartung  (1930) 
recorded  a  case  which,  like  asthma,  was  invariably  cut  short  by  an 
injection  of  adrenaline.  Periodic  swelling  due  to  engorgement  of  the 
pituitary  was  put  forward  by  J.  R.  Charles  (1913),  J.  H.  Fisher  (1919), 
Hodges  (1921),  and  Sedillot  (1930).  Drouet,  Mathieu,  and  Coilesson 
(1934)  described  periodic  urinary  excretion  of  the  pituitary  principle 
intermedin  ( vide  p.  70)  which  expands  the  melanophores  of  the  frog, 
the  presence  of  this  principle  corresponding  in  time  with  the  migrainous 
attacks.  Thomson  (1932)  laid  stress  on  the  presence  of  bony  deformities 
of  the  clinoid  processes,  such  as  complete  ossification  of  the  inter- 
clinoid  ligaments,  as  shown  radiologically,  in  women  subject  to  head¬ 
aches  at  the  menstrual  periods.  But  Critchley  and  Ferguson  (1933) 
have  seen  this  bridging  of  the  sella  turcica  without  migraine.  Sedillot 
(1934)  argued  that  ordinary  migraine  is  due  to  pressure  on  the  optic 
chiasma  by  sudden  and  transient  congestive  swelling  of  half  or  less 
often  the  whole  pituitary ;  in  ophthalmic  migraine  this  pressure  was 
thought  to  be  exerted  on  the  optic  tract. 

(ii)  Constitutional  symptoms,  due  to  disturbances  of  pituitary 
function,  maybe  caused  by  (a)  excess,  or  ( b )  diminution  or  absence  of 
the  hormones  secreted  by  the  gland  cells. 

(a)  Hyperpituitarism  of  the  anterior  lobe:  namely,  adenomas  of 
the  chromophil  (oxyphil)  cells,  cause  gigantism  in  adolescent  life  and 
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acromegaly  in  adult  life;  adenomas  of  the  basophil  cells,  in  which  a 
small  adenoma  in  the  anterior  pitnitary  has  been  thought  to  stimu¬ 
late,  the  adrenal  cortex  and  other  endocrine  glands  to  excessive 
secretion  and  so  cause  a  series  of  clinical  manifestations  described 
by  Cushing  (1932). 

( b )  Hypopituitarism.  Examples  of  this  are  adiposo-genital  dys¬ 
trophy  (Frohlich’s  syndrome)  in  which  the  whole  gland  is  compressed 
in  early  life  by  a  cranio-pharyngioma  (vide  p.  115) ;  the  compression 
exerted  in  the  same  way  by  a  chromophobe-celled  tumour  of  the 
anterior  lobe  on  the  remaining  eosinophil  and  basophil  cells  in  the 
two  lobes ;  destruction  of  the  anterior  lobe,  in  early  life  progeria,  in 
adult  life  pituitary  cachexia  (Simmonds’s  disease). 

Apituitarism.  Under  this  term,  used  by  him  in  1909,  Cushing 
in  1927  discussed  cachexia  hypophysiopriva  due  to  acute  destruction, 
experimentally,  pathologically,  or  surgically.  Laboratory  investi¬ 
gation  has  given  discordant  results.  In  1925  he  instanced  the  rapid 
death  of  a  woman,  3  days  after  the  onset  with  severe  headache, 
in  deep  coma  and  a  very  low  temperature,  in  whom  nothing  was 
found  after  death  except  a  haemorrhage  into  what  may  have  been  a 
soft  adenomatous  pituitary. 

Cano,  R.,  Arch,  de  med.  cir.  y  especialid.,  Madrid,  1934,  xxxvii.  637 ;  Charles, 
J.  R.,  Practitioner,  Lond.,  1913,  xci.  414 ;  Critchley,  M.,  and  Ferguson,  F.  R., 
Lancet,  1933,  i.  182;  Cushing,  H.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1909, 
liii.  249;  idem,  Cameron  Prize  Lectures,  Edinb.  (1925),  Studies  in  Intercranial 
Physiology  and  Surgery,  Oxford,  1926;  idem,  Brit.  Med.  Journ.,  1927,  ii.  1; 
Drouet,  P.  L.,  Mathieu,  L.,  et  Collesson,  Rev.  /rang,  d'endocrinol.,  Paris, 
1934,  xii.  137;  Fisher,  J.  H.,  Trans.  Ophth.  Soc.  U.K.,  1916,  xxxvi.  298; 
idem,  Proc.  Roy.  Soc.  Med.,  1919,  x.  (Ophth.  Sect.)  49;  Hartung,  E.  H.,  Med. 
Journ.  and  Rec.,  N.Y.,  1932,  xxxii.  497 ;  Hodges,  J.  A.,  Virginia  Med.  Month., 
1921,  xlviii.  203;  Ranson,  S.  W.,  Trans.  Coll.  Phys.,  Phila.,  1934,  4  s.,  ii. 
222;  Schweinitz,  G.  de,  Trans.  Ophth.  Soc.  U.K.,  1923,  xlii.  12;  Sedillot, 
J.,  Arch.  Ophth.,  Paris,  1930,  xlviii.  209;  idem,  La  Migraine,  sa  pathogenie, 
son  traitement,  Paris,  1934;  Thomson,  A.  P.,  Lancet,  1932,  ii.  229. 


Radiological  treatment  of  the  pituitary  in  acromegaly  was  inde¬ 
pendently  described  by  Gramegna  and  by  Beclere  in  1909.  The  con¬ 
sensus  of  opinion  appears  to  be  that  the  action  of  X-rays  is  confined  to 
solid  tumours,  cysts  not  being  affected,  that  chromophil  tumours 
are  more  radio-sensitive  than  chromophobe,  and  that  it  may  tempo¬ 
rarily  improve  defects  of  vision.  The  first  effect  of  irradiation  may  be 
oedematous  swelling  of  the  tumour,  thus  causing  further  visual  defect 
and  occasionally  vomiting  and  headache  (Hare  and  Dyke,  1933). 
Recently  the  value  of  irradiation  has  not  gained  but  rather  lost 
ground. 

Frazier  (1930)  from  an  experience  of  231  cases  of  pituitary  disease 
concluded  that  1  case  only  of  those  thus  treated  was  improved.  Rand 
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and  Taylor  (1935)  reported  23  cases  and  in  an  open-minded  discussion 
concluded  that  high  voltage  irradiation  gives  good  results  in  only  a 
certain  number  of  cases  and  is  an  adjunct  to,  not  a  substitute  for, 
operative  removal.  In  12  presumably  chromophobe  tumours  the 
results  varied  extremely,  some  were  surprisingly  benefited,  others  not 
at  all. 

The  indications  for  surgical  treatment  are  mainly  oncoming  defect 
of  vision  and  severe  headache.  Cushing’s  operative  mortality  was 
10  per  cent,  for  chromophil  and  3-8  per  cent,  for  chromophobe 
tumours. 

Beclere,  A.,  Bull,  et  mem.  Soc.  med.  d.  hop.  d.  Paris,  1909,  3  s.,  xxvi.  274; 
Cushing,  H.,  Intracranial  Tumours,  Springfield,  1932,  p.  75;  Gramegna,  A., 
Rev.  neurol.,  Paris,  1909,  xvii.  15;  Hare,  C.  C.,  and  Dyke,  C.  G.,  Arch.  Ophth., 
1933,  x.  220;  Frazier,  C.  FI.,  Arch.  Neurol,  and  Pyschiat.,  Chicago,  1930,  xxiii. 
656 ;  Rand,  C.  W.,  and  Taylor,  R.  G.,  Arch.  Surg.,  Chicago,  1935,  xxx.  103. 

The  diseases  of  the  pituitary  will  be  described  in  the  following 
order : 

Hyperpituitarism:  acromegaly,  benign  eosinophilia  (p.  104), 
Cushing’s  syndrome  (p.  104). 

Tumours  (p.  110). 

Hypopituitarism:  Infantilism  and  dwarfism  (p.  117),  progeria 
(p.  118),  Simmonds’s  disease  (p.  120),  dystrophia  adiposo-geni- 
talis  (p.  123),  Laurence-Moon-Biedl  syndrome  (p.  129),  chromo¬ 
phobe-celled  adenoma  (p.  131),  diabetes  insipidus  (p.  133),  other 
morbid  conditions  (p.  136),  hypertension  and  eclampsia  (p.  140). 

HYPERPITUITARISM 

Acromegaly 

Nomenclature.  In  his  original  account  of  this  disease  in  1886  Pierre 
Marie  (1853-  )  called  it  acromegaly  in  preference  to  £  acromacrie  ’ 

which  he  had  at  first  in  mind  (vide  Souza-Leite).  D.  J.  Cunningham 
(1850-1909)  considered  this  name  clumsy,  and  accordingly  in  1891 
proposed  £  megalacria  ’  with  the  approval  of  Samuel  Haughton  (1821- 
97)  and  J.  K.  Ingram  (1823-1907),  his  colleagues  at  Trinity  College, 
Dublin.  The  title  of ‘pachyacria ’,  proposed  in  1891  by  Mosler  (1831- 
1911),  also  failed  to  gain  general  acceptance;  the  somewhat  simi¬ 
lar  name  ‘acropachy’  has  since  been  applied  to  the  sub-periosteal 
formation  of  new  bone  seen  in  hypertrophic  pulmonary  osteo-arthro- 
pathy  ( vide  Thomas,  1933).  In  1899  Verstraeten  of  Gand  referred  to 
it  as  £ maladie  de  Marie’,  and  in  the  following  year  Maries  pupil 
Souza-Leite  in  his  inaugural  thesis  dutifully  followed  suit,  as  did 
Massalongo  (1895)  and  others.  This  pleasing  eponymic,  however,  as 
in  the  instances  of  Paget,  von  Recklinghausen,  Addison,  and  others, 
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is  likely  to  be  confusing,  for  in  1890  Marie  described  hypertrophic 
pulmonary  osteo-arthropathy  which  has  also  sometimes  been  known 
as  ‘Marie’s  disease Verga  in  1864  described  the  clinical  features  and 
the  post-mortem  changes,  including  a  pituitary  growth  compressing 
the  optic  nerves,  an  expanded  sella  turcica  and  an  enlarged  liver,  in 
a  woman  aged  59  years,  under  the  name  4  prosopectasia  ’  on  account 
of  the  monstrous  size  of  the  face,  a  term  also  used  in  1877  by  Taruffi 
in  describing  a  skeleton  in  the  museum  at  Bologna.  Verga's  case  was 
the  first  to  connect  the  pituitary  with  acromegaly.  Lombroso  (1836- 
1909)  in  1869  reported  a  case  under  the  title  of  macrosomia,  which  in 
a  subsequent  article  (1879)  Taruffi  also  employed.  Cushing  (1927), 
who  criticized  the  word  acromegaly  as  describing  the  changes  in  the 
extremities  only,  preferred  macrosomia. 

Cunningham,  D.  J.,  Trans.  Roy.  Irish  Acad.,  1891,  xxix.  553-612  ;  Cushing,  H., 
Brit.  Med.  Journ.,  1927,  ii.  1;  Lombroso,  C.,  Virchows  Arch.,  1869,  xlvi.  253; 
Magendie,  F.,  Lemons  sur  les  fonctions  et  les  maladies  du  systeme  nerveux, 
Paris,  1841,  p.  34;  Marie,  P.,  Rev.  de  med.,  Paris,  1886,  vi.  297';  Mosler,  C.  F., 
Festschr.  R.  Virchow,  Berlin,  1891,  ii.  101 ;  Souza-Leite,  J.  D.,  De  Vacromegalie: 
maladie  de  Marie,  Paris,  1890;  Taruffi,  C.,  Mem.  r.  Accad.  d.  sc.  d'Ist.  di 
Bologna,  1877,  3  s.,  x.  63;  idem,  Ann.  univ.  di  med.  di  Bologna,  1879,  ccxlvii. 
339;  Thomas,  H.  M.,  Arch.  Int.  Med.,  Chicago,  1933,  li.  571;  Verga,  A., 
Caso  singolare  di  prosopectasia;  Rendic.  d.  r.  1st.  di  Lombardia,  Milano,  1864,  i. 
Ill ;  Verstraeten,  C.,  Rev.  de  med.,  Paris,  1889,  ix.  377. 

History.  In  1886  Pierre  Marie,  then  chef  de  laboratoire  adjoint 
a  la  Salpetriere,  gave  a  clinical  account  of  ‘Deux  cas  d’acromegalie : 
hypertrophie  singuliere  non  congenitale  des  extremites  superieures, 
inferieures  et  cephalique’.  The  skeleton  of  the  second  of  these  two 
cases  was  described  in  1888  by  A.  Broca,  who  found  the  sella  turcica 
much  enlarged,  and  in  1891  Marie  and  Marinesco  reported  other 
findings.  Marie  in  1886  unearthed  the  following  5  cases  previously 
reported  under  other  names: 

(1)  Saucerotte  in  1772  observed  the  case  of  Sieur  Mirbeck,  which  he 
recorded  in  1801,  Noel  in  1779  having  published  the  clinical  details. 
The  patient’s  wife  refused  to  allow  a  necropsy,  but  some  years  later 
three  bones — the  sternum,  the  left  clavicle,  and  a  right  rib — were 
obtained  from  the  grave,  and  are  preserved  in  the  Musee  Dupuytren, 
Paris  (No.  435).  Patry  (1908)  reproduced  all  the  available  information 
about  this  case  and  supplied  illustrations  of  the  bones.  Saucerotte 
was  of  opinion  that  the  blood  had  been  diverted  from  the  rest  of  the 
body  to  the  skeleton,  a  view  which  Weinberg  (1931)  suggested  might 
be  an  anticipation  of  the  thymic  hypothesis  put  forward  by  Fritsche 
and  Klebs  in  1884  {vide  p.  81). 

(2)  Alibert  (1768-1837)  in  1822  recorded  the  case  of  ‘a  scrofulous 
giant  aged  32  with  diabetes’. 

(3,  4)  Friedreich  (1825-82)  in  1868  reported  under  the  title  of 
‘hyperostosis  of  the  entire  skeleton’  the  two  brothers  Hagner.  In 
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1888  Erb  (1840-1921)  published  a  supplementary  account  of  these 
cases,  and  in  1889  Marie  withdrew  them  from  his  list  of  cases  of 
acromegaly.  In  1894  Arnold  (1835-1915)  published  an  account  of  the 
necropsy  on  one  of  the  brothers ;  this  showed  that  the  pituitary  was 
not  enlarged.  Marie  believed  in  1890  that  the  condition  was  hyper¬ 
trophic  pulmonary  osteo -arthropathy,  of  which  Bamberger’s  (1822-88) 
account  appeared  in  1889;  Marie  independently  described  it  in  1890. 
It  has  also  been  regarded  as  a  familial  hyperplastic  and  deforming 
osteitis  (Bassoe,  1922)  and,  as  the  secondary  formation  of  subperiosteal 
bone  may  occur  in  conditions  in  which  the  thorax  is  normal,  the  shorter 
name  ‘acropachy’  has  been  suggested  (Hogler,  1920). 

(5)  Henrot’s  case  reported  in  1877  ;  a  man,  aged  36,  with  an  en¬ 
larged  thyroid  and  so  repulsive  in  appearance  that  he  attracted  the 
attention  of  every  one  who  entered  the  hospital  ward.  The  necropsy 
showed  enlargement  of  the  pituitary,  pineal,  liver,  spleen,  kidneys, 
submaxillary  lymphatic  glands,  tongue,  and  the  sympathetic  system. 
Henrot  headed  his  report  ‘progressive  general  hypertrophy’,  and  sub¬ 
sequently,  as  shown  by  the  inscription  of  the  reprint  in  the  Royal 
Society  of  Medicine,  London,  regarded  the  condition  as  myxoedema ; 
another  example  of  a  diagnosis  of  myxoedema  in  what  was  probably 
acromegaly,  before  the  latter  was  described,  was  Wadsworth’s  report 
of  a  case  of  myxoedema  with  optic  atrophy  (1885). 

In  a  more  elaborate  paper  in  1888  Marie  collected  further  cases, 
bringing  the  number  up  to  17.  Among  those  reported  under  various 
names  before  1886  were  those  of  Verga  and  Lombroso  (vide  p.  80),  of 
Brigidi  of  Florence,  who  in  1877  recorded  the  case  of  the  actor 
Ghirlenzo,  whose  deformity  for  a  time  made  his  representation  of  a 
lover  in  Francesca  da  Rimini  a  great  success ;  Brigidi  also  gave  the 
first  account  of  the  histological  appearances  of  the  enlarged  pituitary  ; 
of  Fritsche  and  Klebs  (1884),  who  ascribed  a  case  of  ‘Giant  growth’ 
to  the  disordered  action  of  the  thymus;  the  pituitary  was  inci¬ 
dentally  stated  to  be  enlarged.  Reference  was  also  made  to  the  case 
published  by  Samuel  Wilks  (1824-1911)  in  1888  (and  again  in  1911) 
of  a  young  lady  under  his  observation  from  1869  until  her  death  in 
coma  in  1875;  this  case  was  previously  mentioned  by  Hilton  4agge 
in  1886  in  connexion  with  myxoedema:  originally  fairly  good-looking 
her  eyes  became  prominent,  her  appearance  so  hideous  that  the  street 
bo  vs  shouted  at  her  when  she  went  out,  and  later  she  became  blind. 
In"  1891  Souza-Leite’s  thesis  on  the  subject  together  with  Marie’s 
original  paper  was  translated  in  the  New  Sydenham  Society’s  Library 
and  the  total  number  of  cases  was  brought  up  to  38.  Magendie(1783- 
1855)  in  1841  had  recorded  two  ‘monstrous’  women  in  the  Hotel- 
Dieu  with  an  ‘  extraordinary  activity  of  nutrition  ’  due  to  ‘  a  particu¬ 
lar  state  of  the  nervous  system’. 

Marie’s  account  of  a  new  disease  with  striking  features  and  a  com- 
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pact  descriptive  name  at  once  excited  interest  and  a  search  for  earlier 
cases  of  such  easily  recognizable  characters  in  ancient  literature,  case 
reports,  old  pictures,  illustrations,  and  skeletons  in  museums.  Thus 
Adami  (1862-1926)  quoted  Auckland  Geddes’s  opinion  that  the  Pilt- 
down  skull  was  that  of  an  acromegalic.  The  records  have  been  over¬ 
hauled  of  giants  fabulous  and  otherwise,  such  as  Hen  Nekht,  the 
giant  Pharaoh  of  Egypt  (3000  b.c.),  Og,  King  of  Basan,  Goliath,  Gog 
and  Magog,  the  Roman  Emperor  Caius  Julius  Verus  Maximinus 
(a.d.  173-238)  and  others,  of  whom  Weinberg  (1931)  has  made  a 
collection ;  some  of  these  may  have  been  genuine  examples  of  acro¬ 
megaly.  Schlaginhaufen  (1925)  described  a  rather  doubtful  case,  the 
skull  not  being  available,  in  a  Swiss  neolithic  lake  dweller.  Henry  IV 
of  Castile  (1425-74)  was  retrospectively  diagnosed  by  Maranon  as  an 
example,  and  Sternberg  (1897)  recognized  acromegaly  in  J.  Wier’s 
account  of  a  giantess  in  1567.  In  a  painting,  done  about  1482  by 
Piero  di  Cosimo  (1441-1521),  of  the  battle  between  the  Centaurs  and 
the  Lapithae  almost  all  the  latter  and  some  of  the  former  show  the 
facies  of  acromegaly ;  Sternberg  identified  a  life-size  portrait,  in 
Ambras-Schioss  in  Tyrol,  of  a  giant  of  the  Court  of  Frederick  II, 
Elector  of  the  Palatinate,  dated  1553.  The  portrait  of  Baldwin  de 
Lannoy  by  Jan  van  Eyck  (?  1385-1440)  in  the  Kaiser-Friedrich 
Museum,  Berlin,  may  well  represent  an  early  stage  of  the  disease. 
Marie  (1896)  and  Souques  (1896)  considered  that  the  Roman  Maccus 
and  the  Italian  Puncinello  (the  French  ‘  Polichinelle  ’  and  the  British 
‘  Punch  ’ )  were  designed  from  an  acromegalic  ;  but  that  Punch  repre¬ 
sents  an  acromegalic  A.  Keith  contested  (1924).  The  portrait  of  the 
(‘ugly’)  Duchess  of  Carinthia  and  Tyrol  by  Quentin  Matsys  (1466- 
1530)  does  not  appear  to  be  that  of  an  acromegalic. 

Thomas  Rowlandson  (1756-1827)  did  a  portrait  of  Charles  Byrne, 
one  of  the  Irish  Giants,  which  is  in  the  Royal  College  of  Surgeons 
of  England,  and  utilized  the  facies  of  acromegaly  in  his  caricatures, 
such  as  ‘Avarice’,  ‘A  Six-in-hand  Team’,  ‘A  Fencing  Match’,  and 
‘A  Theatrical  Candidate’,  as  did  his  contemporaries  H.  W.  Bunbury 
(1750-1811)  and  James  Gillray  (1757-1815).  Leonard  Mark  (1855- 
1930),  who  believed  that  he  had  been  the  subject  of  the  disease  for 
51  years,  drew  attention  in  1912  to  several  representations  of  acro¬ 
megalics  among  the  three  thousand  figures  formerly  adorning  Rheims 
Cathedral ;  he  reproduced  one  of  a  woman  on  a  flying  buttress  dating 
from  the  thirteenth  century,  but  after  the  War  (1914-18)  they  could 
not  be  found  (Atkinson).  In  1914  Mark  pointed  out  that  the  five 
portraits  of  Richard  Dickinson  (1670-1738)  of  Scarborough  ‘Spaw’ 
left  no  doubt  about  the  nature  of  his  appearance.  Mark  directed  that 
his  body  should  be  examined  after  death ;  the  pituitary  was  but 
slightly  enlarged  and  was  soft  in  consistence  (Cullinan,  1930).  In  his 
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Paris  thesis  L’Acromegalie  avant  1885  (1908)  Patry  reproduced  an 
illustration  of  the  base  of  the  skull  in  the  Atlas  (1818)  of  F.  J.  Gall 
(1757-1828)  who  regarded  it  as  showing  the  changes  in  the  skull  as 
the  result  of  senile  atrophy;  these,  however,  are  clearly  those  of 
acromegaly.  There  was  not  any  history  attached  to  the  specimen. 

In  1827  T.  W.  Chevalier  gave  the  earliest  good  account  of  the 
disease  in  this  country  (Keith,  1911 ) :  a  woman  aged  39  had  headache 
and  impaired  vision ;  the  necropsy  disclosed  an  £  aneurysmal  tumour  , 
which  did  not  communicate  with  any  adjacent  vessels,  in  the  sella 
turcica.  The  pituitary  tumour,  which  was  formerly  in  the  museum 
of  the  London  Hospital,  would  appear  to  have  been  a  rapidly  growing 
soft  haemorrhagic  tumour  of  the  pituitary.  The  case  of  partial  dis¬ 
location  of  the  lower  jaw  by  an  enlarged  tongue  in  a  woman  who 
became  blind,  recorded  in  1857  by  W.  O.  Chalk,  may  well  have  been 
a  case  of  acromegaly.  Keith  in  1911  recognized  an  acromegalic  skull 
in  the  museum  of  the  Dreadnought  Hospital,  Greenwich,  of  a  patient 
referred  to  in  1839  in  R.  Partridge  s  article  on  the  face  in  R.  R.  Todd  s 
Cyclopaedia  of  Anatomy  and  Physiology .  The  collection  of  modern 
Italian  crania  bought  in  1870  from  Dr.  Giustiniano  Nicolucci  by  the 
Royal  College  of  Surgeons  of  England  contained  a  skull  which  Shat- 
tock  (1852-1924)  in  1899  described  as  acromegalic  and  contrasted 
with  that  of  a  normal  giant,  Freeman,  6  feet  8  inches  in  height,  who 
died  in  1845  of  pulmonary  tuberculosis.  Trousseau  (1801-67)  in  a 
clinical  lecture  on  Graves’s  disease  in  1860  mentioned  briefly  the  case 
of  a  woman  recently  under  the  care  of  Piedagnel  in  the  Hotel-Dieu, 
Paris:  she  was  much  deformed,  had  a  prodigiously  accentuated  nose, 
projecting  lips,  protruding  brilliant  eyes  though  no  goitre,  cardiac  dis¬ 
turbance,  and  had  suddenly  become  blind.  It  is  interesting  to  compare 
this  case,  apparently  quoted  as  an  incomplete  example  of  Graves  s 
disease,  but  now  obviously  one  of  acromegaly,  with  Wilks’s  case  men¬ 
tioned  in  connexion  with  myxoedema  by  Hilton  Fagge  (vide  p.  81 ). 

D.  J.  Cunningham  in  1879  published  under  the  heading  of 1 A  large 
subarachnoid  cyst  involving  the  greater  part  of  the  parietal  lobe  of 
the  Brain  ’  the  morbid  appearances  found  on  the  dissection  of  a  man, 
aged  36,  with  diabetes  mellitus,  low  mentality,  and  forbidding 
appearance.  The  pituitary  was  much  enlarged ;  the  skeleton  was  pre¬ 
served  in  the  Anatomical  Department  of  the  University  of  Edinburgh, 
and  was  described  in  1890  by  Alexis  Thomson  (1864-1924)  as  that  of 
an  acromegalic.  In  an  elaborate  monograph  (1891)  on  the  anatomy 
of  the  Irish  giant  Cornelius  Magrath  (1742-68),  ‘  A  Research  into  the 
Connexion  which  exists  between  Giantism  and  Acromegaly  ,  D.  J. 
Cunningham,  who  had  left  Edinburgh  and  was  for  twenty  years  pro¬ 
fessor  of  anatomy  at  Trinity  College,  Dublin,  showed  that  from  the 
large  size  of  their  pituitary  fossae  (in  Magrath ’s  skull  capable  of  very 
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nearly  holding  ‘half  of  a  small  tangerine  orange’)  Magrath  and 
Charles  Byrne  or  O’Brien  (1761-83) — another  Irish  giant  (whose 
skeleton  John  Hunter  obtained  for  his  museum  (now  No.  3865-1)  at 
great  trouble  and  expense,  it  is  said  £500) — were  acromegalics.  In 
Magrath ’s  case  the  pituitary  tumour  appeared  to  have  invaded  the 
right  orbit  and  so  might  have  caused  exophthalmos  ;  his  other  ocular 
derangements  were  discussed  by  Swanzy.  Magrath  when  about  16 
years  of  age  and  6  feet  8J  inches  in  height  was  befriended  by  George 
Berkeley  (1685-1753),  the  famous  Bishop  of  Cloyne  and  author  of 
Reflections  and  Inquiries  concerning  the  Virtues  of  Tar -Water  (1844), 
and  it  was  widely  believed  in  Ireland  that  Magrath ’s  huge  frame  was 
the  result  of  the  Bishop’s  experiments  in  giant-rearing.  In  his  short 
life  Magrath  was  exhibited  as  a  giant  in  most  of  the  European  cities. 
His  case,  it  will  be  noted,  antedated  that  observed  by  Saucerotte  in 
1772  and  unearthed  by  Marie  (vide  p.  80).  There  were  two  Irish 
giants  about  the  same  time  who  both  took  the  name  of  O’Brien  or 
something  like  it ;  these  were  Charles  Byrne  (1761-83),  whose  skeleton 
is  in  the  museum  of  the  Royal  College  of  Surgeons  of  England,  and 
Patrick  Cotter  (1760-1806),  ‘the  Bristol  giant’  who  was  7  feet  10J 
inches  in  height.  Like  Byrne  he  had  a  horror  of  being  dissected,  and 
was  buried  in  Bristol ;  a  century  later  the  skeleton  was  examined  by 
Fawcett  (1909),  who  found  the  pituitary  fossa  as  large  as  a  small 
potato  ;  a  cast  of  his  enormous  hands,  much  larger  than  his  feet,  is  in  the 
museum  of  the  anatomical  department  of  the  University  of  Bristol. 
An  account  of  other  known  giants  was  given  by  Fawcett.  The  crania 
of  giants  had  in  1872  been  divided  by  Karl  von  Langer  (1819-87)  into 
two  groups :  the  normal  and  those  with  a  large  sella  turcica  and  other 
features,  later  recognized  as  those  of  acromegaly,  including  changes  in 
the  soft  parts  which  he  connected  with  degeneration  of  the  pituitary. 

In  1888  R.  J.  Godlee  (1849-1925)  reported  a  case  of  ‘so-called 
acromegaly’,  and  ascribed  the  changes  to  thyroid  disease.  At  the 
same  meeting  of  the  Clinical  Society  of  London  W.  B.  Hadden  (1856- 
93)  and  C.  A.  Ballance  (1856-1936)  redescribed  a  case  they  had 
reported  in  1885  under  the  title  of  ‘  Hypertrophy  of  the  Subcutaneous 
Tissues  of  the  Face,  Hands  and  Feet’,  which  was  included  among  the 
cases  of  myxoedema  in  the  report  of  the  Clinical  Society  of  London 
on  that  disease  (1888) ;  they  now  realized  that  the  case  was  one  of 
acromegaly  which  they  regarded  as  quite  distinct  from  myxoedema 
and  from  osteitis  deformans. 

The  number  of  reported  cases  mounted  up  rapidly ;  in  1893  Collins 
included  83  in  a  critical  review ;  in  1897  Maximilian  Sternberg  (1863- 

)  collected  210  case  reports  with  47  necropsies;  in  1898  Hinsdale 
referred  to  57  necropsies,  and  in  1932  Atkinson  tabulated  and  ana¬ 
lysed  1,319  cases  with  265  post-mortem  examinations.  Cases  in  the 
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early  days  reported  as  acromegaly  but  without  any  pituitary  enlarge¬ 
ment,  such  as  those  of  Saundby  (1889)  and  Waldo  (1890),  obviously 
are  open  to  critical  consideration  of  this  diagnosis ;  but  there  may 
have  been  small  but  active  adenomas  or  areas  of  eosinophil  hyper¬ 
plasia  analogous  to  the  small  basophil  adenomas  of  the  anterior  lobe 
now  known  to  be  associated  with  the  quite  different  form  of  hyper¬ 
pituitarism  described  by  Cushing  (vide  p.  104).  Dean  Lewis  in  1905 
reported  a  case  of  acromegaly  in  which  the  pituitary,  though  not  en¬ 
larged,  showed  the  characteristic  histological  changes  of  an  increased 
number  of  eosinophils  described  by  Benda  (1900).  It  has  been  sug¬ 
gested  that  adenomatous  changes  in  accessory  pharyngeal  fragments 
of  pituitary  tissue  may  account  for  acromegaly  in  cases  in  which  the 
main  pituitary  was  thought  to  be  normal  (Levi,  1909).  According  to 
Puech  (1932)  the  irritation  due  to  growths  in  the  neighbourhood  of 
the  pituitary  or  to  increased  intracranial  pressure,  when  the  tumour 
is  not  near  the  pituitary,  may  lead  to  hyperplasia  and  minute 
eosinophil  adenomas  of  the  anterior  pituitary.  This  offers  an  explana¬ 
tion  of  cases  in  which,  without  any  macroscopic  change  in  the  pitui¬ 
tary,  acromegaly  is  associated  with  an  intracranial  growth,  such  as 
a  tumour  in  the  anterior  fossa  of  the  skull  (Ventra,  1931). 
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p.  38;  Hogler,  F.,  Wien.  Arch.f.  inn.  Med.,  1920,  i.  35;  Keith,  A.,  Bancet, 
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medicale  (Hotel-Dieu),  Paris,  1896;  Marie,  P.,  et  Marinesco,  G.,  Arch.  med. 
exper.  et  d'anat.  path.,  Paris,  1891,  iii.  539;  Mark,  L.,  Acromegaly,  A  Personal 
Experience,  Lond.,  1912;  idem,  Lancet,  1914,  ii.  1412;  idem,  ‘The  Apologia  of 
an  Acromegalic’,  Med.  Press  and  Circ.,  Lond.,  1927,  clxxv.  304;  Noel,  Journ. 
de  med.,  chir.  et  pharm.,  Paris,  1779,  li.  225;  Patry,  F.,  These  de  Paris,  No. 
153,  1907-8;  Puech,  P.,  These  de  Paris,  No.  367,  1932;  Saucerotte,  N., 
Communicated  to  the  Academie  de  chirurgie  de  Paris,  1772;  published  in  Melanges 
de  chirurgie,  part  I,  407,  Paris,  1801 ;  Saundby,  R.,  Illust.  Med.  News,  Lond., 
1889,  ii.  195;  Schlaginhaufen,  O.,  Die  menschlichen  Skelettreste,  Munchen, 
1925;  Shattock,  S.  G.,  Trans.  Path.  Soc.  Lond.,  1899,  1.  185;  Sternberg,  M., 
Die  Acromegalie,  Spec.  Path,  und  Therap.  (Nothnagel),  vii.  Wien,  1897,  Trans¬ 
lated  by  F.  R.  B.  Atkinson,  New  Sydenham  Soc.,  Lond.,  1899;  Swanzy,  H.  R., 
Proc.  Roy.  Irish  Acad.,  Dublin,  1893-6,  5  s.,  iii.  524;  Thomson,  H.  A.,  Journ. 
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Hypotheses  about  the  Pathogeny  of  Acromegaly. 

Originally  Marie  described  the  clinical  picture  without  putting  for¬ 
ward  any  view  about  its  causation.  In  1887  Oskar  Minkowski  (1858- 
1931)  in  a  clinical  account  of  a  case  in  Naunyn’s  clinic  quoted  Marie's 
paper,  and  definitely  connected  acromegaly  with  disease  of  the  pitui¬ 
tary.  In  1890  Marie  stated  that  enlargements  of  the  pituitary  and  of 
the  sympathetic  nervous  system  and  persistence  of  the  thymus  were 
constant  post-mortem  changes,  and  in  the  following  year  with  Marin¬ 
esco  he  again  described  the  pituitary  enlargement  which  might  by 
glandular  insufficiency  cause  toxaemia,  but  admitted  that  the  patho¬ 
geny  was  hypothetical. 

In  spite  of  the  early  association  of  acromegaly  with  pituitary 
lesions,  other  explanations  were  suggested ;  it  was  regarded  as  a 
trophoneurosis  by  von  Recklinghausen  (1833-1910)  in  1890,  and  in 
1894  by  Dreschfeld  (1845-1907);  in  1895  Lancereaux  (1829-1910) 
spoke  of  it  as  an  aero-trophoneurosis  and  not  only  denied  that  the 
pituitary  was  responsible  but  that  acromegaly  was  a  morbid  entity. 
The  thymus  had  been  thought  by  Fritsche  and  Klebs  in  the  case 
published  in  1884  to  be  the  primary  factor  on  the  ground  that  it  was 
persistent,  large,  and  extremely  vascular ;  the  enlargement  of  the 
pituitary  was  regarded  as  a  secondary  change  like  that  of  the  ex¬ 
tremities.  In  1892  Massalongo  considered  that  excessive  activity  of 
the  thymus  and  the  pituitary  was  responsible ;  this  was  the  first 
suggestion  that  hyper-pituitarism  rather  than  hypo-pituitarism  was 
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the  cause.  As  acromegaly  often  occurs  in  women  about  the  menopause 
it  was  suggested  that  the  blood  no  longer  attracted  to  the  genitals  was 
free  to  stimulate  the  extremities  to  further  growth.  As  already  men¬ 
tioned,  Godlee  thought  that  the  thyroid  was  responsible. 

The  resemblance  of  acromegalics  to  the  anthropoid  apes  was 
pointed  out  by  W.  A.  Freund  (1833-1917)  of  Berlin  in  1889  and 
Harry  Campbell  in  1896,  who  regarded  the  disease  as  an  atavistic 
reversion,  a  view  Virchow  dismissed  in  1889.  Levi  of  Florence  in  1909 
described  in  two  acromegalic  skulls  persistence  of  the  cranio -pharyn¬ 
geal  canal  in  the  floor  of  the  sella  turcica,  which  in  1868  Landgest  had 
found  to  be  normally  obliterated  between  the  second  and  third 
months  of  intra-uterine  life.  Levi  argued  that  it  was  more  frequent 
in  acromegalic  than  in  normal  skulls  and  important  as  indicating  a 
congenital  predisposition  to  abnormality.  Marie  stoutly  denied  that 
it  was  hereditary,  but  Verstraeten  (1889)  and  von  Recklinghausen 
(1890)  inclined  to  the  opposite  opinion.  Atkinson  (1932)  collected 
about  a  dozen  examples  of  hereditary  or  familial  incidence ;  Cursch- 
mann  and  Schipke  (1934)  and  Lewis  (1934)  wrote  on  the  acromegalic 
constitution,  and  Farnarier  (1899)  found  mental  instability  in  the 
family  history  of  cases. 

According  to  Keith  (1911)  the  bony  changes  in  acromegaly  are  the 
same  as  those  normally  present  in  the  anthropoid  apes  and  in  the 
Neanderthaloid  crania  first  discovered  in  1848,  but  were  probably 
due  to  hyper-pituitarism,  a  hormone  rendering  the  osteoblasts  hyper¬ 
sensitive  to  the  various  stresses  falling  on  the  skeleton.  Bolk  (1921), 
who  argued  that  the  endocrine  glands  suppress  certain  potentialities 
of  racial  development,  explained  the  ape-like  characters  seen  in 
acromegaly  by  failure  of  the  inhibitory  influence  exerted  by  the 
normal  pituitary. 

Following  Massalongo’s  view  (1892)  that  excessive  activity  of 
both  the  pituitary  and  the  thymus  was  the  underlying  factor  in 
acromegaly,  Tamburini  (1848-1919)  argued  in  1894  that  there  were 
two  phases  in  the  life-history  of  a  patient  with  acromegaly :  first  over¬ 
activity  of  the  pituitary  causing  hyper-pituitarism  and  skeletal 
changes  which  persist  when  the  second  phase,  that  of  glandular 
degeneration  and  cachexia,  supervenes.  Massalongo  in  1895  pointed 
out  that  in  1892  he  had  expressed  the  same  view.  Benda  in  1900 
described  increase  of  the  chromophil  cells  in  the  anterior  lobe  of  the 
pituitary ;  and  in  1905  Dean  Lewis  confirmed  the  hyperplasia  of  the 
chromophil  cells  in  a  case  of  acromegaly  without  any  pituitary  en¬ 
largement,  and  connected  acromegaly  with  hyper-pituitarism.  The 
eosinophil-celled  adenoma  may  compress  the  other  cells  in  the 
anterior  lobe  and  by  interfering  with  those  providing  the  gonad- 
stimulating  hormone  bring  about  the  absence  of  menstruation  in 
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female  and  the  feeble  sexual  desire  and  loss  of  power  in  most  male 
acromegalics,  as  pointed  out  by  Meige  (1902)  and  others. 

Gigantism  and  Acromegaly.  In  May  1895  Brissaud  (1852- 
1909)  and  Meige  (1866-  )  argued  that  gigantism  is  acromegaly 

during  the  period  of  growth,  whereas  acromegaly  is  gigantism  of  the 
adult;  in  August  of  the  same  year  Woods  Hutchinson  (1862-  ) 

suggested  that  the  pituitary  is  a  growth  centre  for  the  whole  body 
and  that  gigantism  is  acromegaly  beginning  in  foetal  or  early  life. 
This,  now  the  accepted  view,  was  expressed  in  1903  by  Launois  and 
Roy  to  the  effect  that  hyper-pituitarism  causes  giant  growth  before, 
and  acromegaly  after,  the  epiphyses  have  united.  Massalongo  of 
Padua  in  1895  and  Tamburini  had  come  to  the  same  conclusion  which 

Guinon  in  1889  and  was  contested  afresh  by 
Marie  in  1896  on  the  ground  that  giant  growth  is  an  exaggeration  of 
the  normal,  whereas  acromegaly  is  pathological ;  Maximilian  Stern¬ 
berg  in  1897  followed  Marie’s  opinion.  In  a  little  more  than  half 
of  the  cases  acromegaly  begins  between  the  ages  of  fifteen  and  twenty, 
and  about  half  the  giants  are  also  acromegalic. 

Stumme  (1908)  of  Hochenegg’s  clinic  in  Vienna,  where  partial  hypo- 
physectomy  had  benefited  an  acromegalic,  adopted  the  view  that 
acromegaly  was  due  to  hyper-pituitarism  and  analogous  to  Graves’s 
disease.  Cushing  (1909)  cautiously  deduced  from  his  post- operative 
production  of  hypo-pituitarism — the  converse  of  acromegaly — that 
acromegaly  was  due  to  excessive  but  not  abnormal  secretion  of  the 
anterior  pituitary.  Keith  (1932)  described  two  growth  mechanisms  in 
the  body:  (a)  that  which  turns  a  baby  into  an  adult,  and  ( b )  the 
mechanism  of  hypertrophy  due  to  use,  mediated  in  some  way  by  the 
pituitary ;  thus  acromegaly  is  due  to  disturbance  of  the  mechanism  of 
functional  hypertrophism,  whereas  gigantism  is  a  pathological  form 
of  the  former  mechanism. 

Experimental  acromegaly  was  produced  by  injection  of  anterior 
pituitary  in  rats  by  Evans  and  Long  (1921),  and  in  dogs  by  Putnam, 
Benedict,  and  Teel  (1929). 

‘ Adrenal ’  Acromegaly.  As  the  adrenal  cortex  is  usually  hyper¬ 
plastic  in  acromegaly,  and  as  cases  of  acromegaly  without  any 
changes  in  the  pituitary  and  with  hyperplasia  of  the  adrenal  cortex 
have  been  described  (Minerbi  and  Alessandri,  1908  ;  Domenici,  1911  ; 
Herman  Hoppe,  1912  ;  Sterling,  1929),  it  has  been  concluded  by 
Salmon  (1933)  of  Florence  that  the  adrenal  cortex  is  associated  with 
the  anterior  pituitary  in  producing  the  manifestations  of  acromegaly, 
and  further  that  the  adrenal  cortex  may  produce  these  changes  even 
when  the  anterior  pituitary  is  normal.  It  would  be  necessary  before 
accepting  the  latter  view  to  be  certain  that  the  apparently  normal 
anterior  pituitary  glands  were  not,  by  over- activity  of  the  eosinoj)hil 


had  been  dismissed  by 
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cells,  responsible  for  both  the  acromegalic  changes  and  the  adrenal 
hyperplasia.  This  was  not  established  in  all  the  cases  (piloted  in 
support  of  this  view. 

Atkinson,  F.  R.  B.,  Acromegaly, Lond.,  1932  ;  Benda,  C.,  Berlin. med.  Wchnschr., 
1900,  xxxvii.  1205  ;  Bolk,  L.,  Lancet ,  1921,  ii.  588  ;  Brissaud,  E.,  et  Meige,  H., 
Rev.  ’scient.,  Paris,  1895,  4  s.,  iii.  575;  Campbell,  H.,  Scalpel,  Bond.,  1896,  i.  7, 
40;  Cttrschmann,  H.,  und  Schipke,  J.,  Endokrinol.,  Leipz.,  1934,  xiv.  88; 
Cushing,  H.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1909,  liii.  249 ;  Domenici,  O., 
Rev.  neurol.,  Paris,  1911,  xxii.  112;  Dreschfeld,  J.,  Brit.  Med.  Journ.,  1894, 
i.  4 ;  Evans,  H.  M.,  and  Long,  J.  A.,  Anat.  Rec.,  Phila.,  1921,  xxi.  62 ;  Farnarier, 
F ,,’nouv.  iconogr.  de  la  Salpetr.,  Paris,  1899,  xii.  398;  Freund,  W.  A.,  Samml. 
Min.  Vortr.  von  R.  Virchow,  1889,  p.  2373;  Fritsche  und  Klebs,  E.,  Bin 
Beitr.  zur  Pathologic  des  Riesenwuchses,  Leipz.,  1884;  Guinon,  G.,  Gaz.  d. 
hop.,  Paris,  1889,  lxii.  1161;  Hoppe,  H.,  Journ.  Nerv.  and  Ment.  Dis.,  N.Y., 
1912,  xxxix.  77 ;  Hutchinson,  W.,  Am.  Journ.  Med.  Sc.,  Phila.,  1895,  cx.  190; 
Keith,  A.,  Lancet,  1911,  i.  993,  Trans.  Med.  Soc.  Lond.,  1911,  xxxiv.  9;  idem. 
Foreword  to  Atkinson’s  Acromegaly,  Lond.,  1932,  p.  v ;  Lancereaux,  E.,  Semaine 
med.,  Paris,  1894,  xv.  61 ;  Launois,  P.  E.,  et  Roy,  P.,  Bull,  et  mem.  Soc.  med.  d. 
hop.’de  Paris,  1903,  3  s.,  xx.  543;  Levi,  E.,  Rev.  neurol.,  Paris,  1909,  xvii.  53; 
Lewis,  A.,  Journ.  Neurol,  and  Psycho-path.,  Lond.,  1934,  xv.  i;  Lewis,  D., 
Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1905,  xvi.  554 ;  Marie,  P.,  Brain,  Lond., 

1890,  xii.  59;  idem.  Bull,  et  mem.  Soc.  med.  d.  hop.  de  Pans,  1896,  3  s.,  xiii, 
413;  Marie,  P.,  et  Marinesco,  G.,  Arch,  de  med.  exper .  et  cVanat.  path.,  Paris, 

1891,  iii.  539;  Massalongo,  R.,  Riforma  med.,  Napoli,  1892,  viii.  74;  idem, 
Rev.  neurol.,  Paris,  1895,  iii.  225;  Meige,  H.,  Arch.  gen.  de  med.,  Paris,  1902, 
cxc.  407  ;  Minerbi  e  Alessandri,  G.,  quoted  by  Atkinson  (1932) ;  Minkowski, 
O.,  Berlin,  klin.  Wchnschr.,  1887,  xxiv.  371 ;  Putnam,  T.  J.,  Benedict,  E.  B., 
and  Teel,  H.  M.,  Arch.  Surg.,  Chicago,  1929,  xviii.  1708;  Recklinghausen,  F. 
von,  Virchows  Arch.  1890,  cxix.  36;  Salmon,  A.,  Volume  juhilaire  en  Vhonneur 
du  Professeur  G.  Marinesco,  Bucharest,  1933,  p.  605 ;  Sternberg,  M.,  Die  Akro- 
megalie.  Spec.  Path.  u.  Therap.  (Nothnagel),  Wien,  1897,  vii;  Stumme,  E., 
Arch.  f.  klin.  Chir.,  Berlin.  1908,  lxxxvii.  437;  Tamburini,  A.,  Riv.  sper.  d% 
freniat.,  Reggio -Emilia,  1894,  xx.  559  ;  1895,  xxi.  414 ;  Verstraeten,  C.,  Rev.  de 
med.,  Paris,  1889,  ix.  377 ;  Virchow,  R.,  Illustrated  Med.  News,  Lond.,  1889,  ii.  24. 

Morbid  Anatomy.  The  pituitary  may  not  be  enlarged,  and  the 
acromegalic  features  may  be  well  marked  before  there  is  radiological 
evidence  of  the  pituitary  enlargement,  although  there  is  hyperplasia  of 
the  eosinophil  cells  ( vide  p.  85).  But  in  the  great  majority  of  the  cases 
the  anterior  lobe  is  enlarged  and  may  become  a  tumour  the  size  of  an 
apple  from  the  presence  of  an  eosinophil-celled  adenoma.  The  growth 
may  then  extend  out  of  the  sella  turcica  upwards  to  involve  the  base 
of  the  brain,  and  downwards  into  the  sphenoidal  cells  and  even  into 
the  pharynx.  Degeneration  of  an  adenoma  or  haemorrhage  into  a  soft 
adenoma  (Bailey  and  Davidoff,  1925)  may  give  rise  to  a  pseudo-cyst. 

Gauckler  and  Roussy  (1905)  reported  an  adenomatous  cyst  the  size 

of  a  mandarin  orange  taking  the  place  of  the  pituitary  in  a  woman, 

aged  83  years,  who  had  large  adrenals  and  a  large  plunging  thyroid. 

Microscopically  the  adenoma  is  composed  of  eosinophil  cells 
which  show  much  variation  in  size,  multinuclear  forms  and  some 
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crescent- shaped  cells  being  often  present ;  there  is  a  definite  absence 
of  basophil  cells. 

Bailey  and  Davidoff  (1925),  who  reported  on  thirty-five  pituitaries 
removed  in  Cushing’s  clinic,  found  that  the  normal  acinous  structure 
of  the  anterior  lobe  was  lost ;  the  eosinophil  cells,  which  were  not 
separated  by  the  normal  stroma,  varied  much  in  size,  many  being 
multinuclear,  and  some  crescent-shaped ;  amitotic  division  was 
frequent,  and  the  granules  finer  than  in  ordinary  eosinophil  cells  and 
specially  prone  to  occupy  the  periphery  of  the  cells.  Basophil  cells 
were  not  present. 

In  a  case  described  by  Abadie,  Pauly,  and  Barguez  (1933)  basophil 
cells  were  more  numerous  than  the  eosinophil  cells ;  but  as  the  patient 
died  in  uraemic  coma  the  basophilia  may  have  been  associated  with 
hypertension. 

The  sella  turcica  is  ballooned,  deepened,  and  may  encroach  on,  or 
penetrate  into,  the  sphenoidal  sinuses  ;  but  its  walls  are  thickened  in 
common  with  the  skeletal  changes,  and  the  clinoid  processes  are  elon¬ 
gated  and  thickened,  though  eroded  inferiorly.  Puech  and  Stuhl  (1934) 
laid  stress  on  the  prominence  of  the  transverse  olivary  process  or 
tubercle  of  the  sphenoid  which  forms  the  ‘  bee  acromegalique  ’ ;  this 
may  project  between  the  two  optic  nerves,  narrow  the  outlet  of  the 
sella  turcica,  and  render  operative  removal  of  the  pituitary  tumour 
difficult.  In  acute  cases  the  soft,  rapidly  growing  neoplasms  invading 
adjacent  parts  were  formerly  called  ‘sarcomas’;  but  growths  de¬ 
scribed  pathologically  as  malignant  do  not  always  behave  so  clinically 
(vide  p.  Ill ). 

Splanchnomegaly.  Henrot  in  1877  noticed  enlargement  of  the 
viscera  in  his  case,  which  was  retrospectively  diagnosed  by  Marie  as  one 
of  acromegaly.  This  condition  was  most  notable  in  Osborne’s  case 
(1897),  the  heart  weighing  41  oz.,  the  liver  7  lb.,  and  the  spleen  36  oz. 
It  is  probably  much  more  frequent  than  Atkinson’s  analysis  of  46 
among  265  necropsies  would  suggest.  Cushing  and  Davidoff’s  analysis 
in  1927  of  44  selected  necropsies  shows  the  high  percentage  of  splanch- 
nomegaly.  They  found  the  liver  and  kidneys  almost  always  enlarged. 
The  pancreas  appears  to  be  usually  enlarged ;  adenomatous  enlarge¬ 
ment  of  the  islands  has  been  recorded,  but  is  not  constant.  In  Cun¬ 
ningham's  case  the  small  and  large  intestine  measured  48  feet,  or 
almost  twice  the  normal  length ;  the  brain  weighed  50  oz. 

The  heart,  without  any  valvular  disease  to  account  for  change, 
usually  shares  in  the  splanchnomegaly ;  Dallemagne  (1895)  found  the 
muscular  fibres  double  the  normal  size.  The  vessels  usually  show 
dilatation  and  thickening  of  their  walls. 

The  state  of  the  endocrine  glands  other  than  the  pituitary  has  been 
differently  described.  It  might  be  anticipated  that  the  divergent 
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accounts  depend  on  whether  at  the  time  of  death  the  anteiioi  pitui¬ 
tary  was  (a)  active  and  producing  a  growth  and  other  hormones  such 
as  thyrotropic,  adrenotropic,  causing  enlargement  of  the  glands,  or 
(6)  had  passed  into  such  a  state  that  the  growth  hormone  was  no 
longer  secreted  in  excess ;  but  this  assumption  cannot  be  regarded  as 
proved,  some  of  the  cases  collected  by  Cushing  and  Davidoff  pointing 
in  the  opposite  direction. 

The  thyroid  is  often  enlarged;  among  121  cases  this  was  noted 
clinically  in  61,  or  50  per  cent.  (Davis,  1934),  and  its  weight  was  in¬ 
creased  in  all  but  two  of  45  cases  (Cushing  and  Davidoff).  In  72  per 
cent,  of  Davis’s  61  cases  the  thyroid  contained  adenomas  ;  they  were 
present  in  all  cases  with  a  basal  metabolic  rate  above  +40.  A  colloid 
goitre  is  often  present,  and  in  a  few  cases  the  diffuse  parenchymatous 
changes  characteristic  of  Graves’s  disease  have  been  found  (Davis). 
A  large  intrathoracic  thyroid  was  present  in  Osborne’s  case.  The 
combination  of  Graves’s  disease  with  acromegaly  has  often  been  re¬ 
corded,  though  doubt  about  this  was  expressed  by  Cushing  and 
Davidoff;  it  has  been  explained  by  the  view  that  there  was  an 
excessive  secretion  of  the  pituitary  thyrotropic  hormone. 

Parathyroids .  Enlargement  was  reported  by  Erdheim  (1903), 
Claude,  and  Baudouin  (1911),  and  according  to  Cushing  and  Davidoff 
(1927)  this  is  common.  Hadfield  and  Rogers  (1932),  who  reported  a 
< giant’  parathyroid,  collected  6  other  recorded  cases  of  parathyroid 
enlargement,  but  in  a  critical  examination  they  eliminated  2  as  com¬ 
binations  of  acromegaly  with  generalized  osteitis  fibrosa,  and  3  more 
on  the  ground  that  there  was  not  sufficient  evidence  of  an  increase  in 
the  total  amount  of  parathyroid  tissue  in  the  body. 

The  Thymus.  Marie  (1893)  mentioned  enlargement  as  also,  before 
acromegaly  was  described,  did  Fritsche  and  Klebs  (1884).  But  it  is 
not  constant,  though  Cushing  and  Davidoff  concluded  that  it  is 
usually  persistent  or  enlarged. 

The  Adrenals.  In  Marie  and  Marinesco's  case  (1891)  the  adrenals 
were  normal  or  slightly  atrophied ;  but  from  a  wide  survey  of  the 
subject  Cushing  and  Davidoff  concluded  that  hypertrophy  of  the 
cortex  with  or  without  adenomas  is  one  of  the  most  constant  expres¬ 
sions  of  hyper-pituitarism.  This  corresponds  with  the  similar  cortical 
change  found  in  experimental  acromegaly  by  Evans  (1924). 

The  Pineal  Body.  In  Henrot’s  case  (1877)  there  was  enlarge¬ 
ment  ;  but  generally  no  characteristic  changes  have  been  found. 

The  larynx  is  universally  and  may  be  enormously  enlarged,  both 
the  soft  and  the  cartilaginous  parts  becoming  thickened  and  the 
various  prominences  exaggerated.  The  existence  of  acromegaly  may 
be  strongly  suggested  from  the  laryngoscopic  appearances  (Chevalier 

Jackson,  1918). 
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The  skeletal  changes  are  widespread,  and  most  prominent  in  the 
extremities ;  they  are  mainly  in  the  form  of  increased  size  of  the 
normal  elevations  and  ridges  from  periosteal  growth,  so  that  exos¬ 
toses  appear.  The  lower  jaw,  however,  is  enlarged  in  all  directions  so 
as  to  protrude  beyond  the  upper  jaw;  this  is  commonly  called  pro¬ 
gnathism,  but  Sternberg  (1897)  deprecated  such  a  description  and 
Shattock  urged  that  the  condition  should  have  a  special  name,  such 
as  L.  Mayer’s  term  cranium  progeneum  (progeneus:  modern  Latin 
transcript  of  7 rpoyevecos  =  with  prominent  chin).  The  teeth  are  more 
widely  spaced,  but  the  area  of  the  palate  is  not  increased  (Keith, 
1911 ).  The  facial  bones — malar  arch,  nasal  bones,  superciliary  ridges 
— the  maxillary  antra,  and  the  frontal  sinuses  are  enlarged ;  the 
cranial  vault  may  be  thickened  and  show  exostoses,  the  skull  as  a 
whole  increased  in  size,  but  the  forehead  appears  to  recede. 

The  spine  very  commonly  shows  well-marked  kyphosis  in  the 
cervico-dorsal  region  with  compensatory  lordosis  in  the  lumbar  region. 
In  Atkinson’s  analysis  of  507  collected  cases  kyphosis  was  present 
in  306  (59  per  cent.),  kypho-scoliosis  in  70  (14  per  cent.),  and 
scoliosis  in  37  (7  per  cent.).  The  vertebral  bodies  show  increased 
depth  and  width,  and  well-marked  hyperostotic  changes ;  these  have 
been  regarded  as  the  results  of  an  abnormal  response  to  the  mechani¬ 
cal  stimuli  of  strain  and  stress  (Cave,  1931).  The  kyphosis  was  care¬ 
fully  examined  by  Erdheim  (1931),  who  regarded  it  as  characteristic 
of  the  disease.  The  terminal  phalanges  may  show  tufts  of  bone  ;  in 
one  case  a  spur  protruded  through  the  skin  of  the  great  toes  (Cushing 
and  Davidoff,  1927).  Exostoses  may  arise  on  the  long  bones  near 
muscular  attachments  and  joints.  A  specific  form  of  arthritis  with 
exaggerated  proliferation  of  the  cartilage,  and  so  the  reverse  of  osteo¬ 
arthritis,  has  been  described  (Erdheim,  1931).  In  giant  growth  the 
long  bones  are  chiefly  increased  in  length,  whereas  in  acromegaly  the 
hands,  feet,  and  facial  bones  show  the  greatest  change. 

Skin.  In  1897  Dalton  (1857-1923)  described  hypertrophy  of  the 
papillae.  In  rare  instances  there  is  such  extreme  hyperplasia  of  the 
cutaneous  connective  tissue  as  to  give  rise  to  a  furrowed  condition  of 
the  skin,  most  prominent  on  the  scalp  (cutis  verticis  gyrata,  bull-dog 
sca^)  with  some  resemblance  to  the  changes  due  to  nodular  leprosy. 
In  a  case  of  acromegaly  seen  in  January  1887  Jonathan  Hutchinson 
(1828-1913)  gave  an  account  of  these  changes,  Unna  (1850-1929)  in 
1907  introduced  the  name  cutis  verticis  gyrata  into  dermatology, 
but  it  was  not  described  again  in  acromegaly  until  1911  by  Saliat ;  in 
reporting  a  case  Cushing  and  Davidoff  (1927)  called  it  ‘bull-dog 
scalp  ’.  Parkes  Weber  (1928)  gave  a  full  history  of  the  condition  and 
collected  12  cases  associated  with  acromegaly.  Its  infrequency  and 
unilateral  occurrence  (Orzechowski,  1911)  have  been  ascribed  to 
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individual  local  peculiarities  of  the  tissues  (P.  Weber  and  Atkinson, 
1928).  It  is  not,  however,  confined  to  acromegaly,  but  has  been  found 
i  in  association  with  idiocy,  and  regarded  as  a  local  reversionary 
I  phenomenon ;  the  unilateral  change  has  been  caused  by  a  diffuse 
angioma  (Hannay,  1923).  It  forms  part  of  the  syndrome  osteo- 
i  dermopathique,  described  by  Touraine,  Solente,  and  Cole  (1935), 
which  is  not  pituitary  in  origin. 

Nervous  System.  The  brain  may  be  directly  invaded  when  the 
pituitary  tumour  escapes  from  the  sella  turcica,  and  show  changes 
due  to  pressure.  Forms  of  degeneration  in  the  spinal  cord  have  been 
recorded.  Enlargement  of  the  peripheral  nerve-trunks  and  the 
sympathetic  have  been  described  (Henrot,  1877),  and  the  former  are 
shown  in  specimens  (3860*1)  in  the  Hunterian  Museum  of  the  Royal 
College  of  Surgeons  of  England. 

Alimentary  Canal.  The  enlarged  tongue  may  show  hypertrophied 
papillae.  The  length  of  the  intestine  has  been  found  to  be  much 
increased  (p.  90). 

The  Genital  Organs.  Enormous  hyperplasia  of  the  vagina, 
uterus,  tubes,  and  endometrium  are  characteristic  (Teel,  1929 ; 
Cushing,  1933) ;  this  has  also  been  produced  experimentally  (Putnam, 
Teel,  and  Benedict,  1929).  Few  microscopical  observations  on  the 
human  ovaries  and  testes  are  available  (Cushing  and  Davidoff,  1927 ) ; 
but  so  far  the  evidence  points  to  atrophy  rather  than,  as  would  be 
expected  from  experimental  injection  of  extract  of  the  anterior  lobe, 
to  hypertrophy. 

Abadie,  Pauly,  et  Barguez,  Journ.  de  med.  de  Bordeaux,  1933,  cx.  391 ; 
Atkinson,  F.  R.  B.,  Acromegaly,  Lond.,  1932;  Bailey,  P.,  and  Davidoff, 

L.  M.,  Am.  Journ.  Path.,  Boston,  1925,  i.  185;  Cave,  A.  J.  E.,  Journ.  Anat., 
Cambridge,  1931,  lxv.  363;  Claude,  H.,  et  Baudouin,  Gom.pt.  rend.  Soc.  biol., 
Paris,  1911,  lxxi.  75;  Cushing,  H.,  Arch.  Intern.  Med.,  Chicago,  1933,  li.  487 ; 
Cushing,  H.,  and  Davidoff,  L.  M.,  Monograph  of  the  Rockefeller  Institute 
for  Medical  Research,  No.  22,  N.Y.,  1927  ;  Dallemagne,  J.,  Arch,  de  med.  exper. 
et  d'anat.  path.,  Paris,  1895,  vii.  589;  Dalton,  N.,  Trans.  Path.  Soc.  Bond., 
1898,  xlix.  242;  Davis,  A.  C.,  Proc.  Staff  Meetings  Mayo  Clinic,  1934,  ix.  709; 
Drouet,  P.  L.,  Rev.  f rang,  d'endocrinol.,  Paris,  1934,  xii.  101;  Erdheim,  J., 
Beitr.  z.  path.  Anat.  u.  z.  ally.  Path.,  Jena,  1903,  xxxiii,  158;  idem,  Virchows 
Arch.,  1931,  cclxxxi.  197  ;  idem,  ‘Die  Lebensvorgange  im  normalen  Knorpel  und 
seine  Wucherung  bei  Acromegalie’ ;  Pathologie  und  Klinik,  Bd.  Ill,  Berlin,  1931 ; 
Gauckler,  E.,  et  Roussy,  G.,  Rev.  neurol.,  Paris,  1905,  xiii.  356;  Hadfield, 
G.,  and  Rogers,  H.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1932,  xxxv.  259 ;  Hannay, 

M.  G.,  Brit.  Journ.  Dermat.  and  Syphil.,  Lond.,  1923,  xxxv.  451 ;  Henrot,  H., 
Notes  de  clinique  med.,  Rheims,  1877,  57;  Hutchinson,  J.,  Arch.  Surg., 
Lond.,  1890,  i.  141;  Keith,  A.,  Lancet,  1911,  i.  992;  Marie,  P.,  Bull,  et  mem. 
Soc.  med.  d.  hop.  de  Paris,  1893,  3  s.,  x.  136;  Orzechowski,  K.,  quoted  by 
Weber  and  Atkinson  (1928);  Osborne,  T.  O.,  Trans.  Assoc.  Am.  Phys.,  Phila., 
1897,  xii.  262;  Puech,  P.,  et  Stuhl,  L.,  Presse  med.,  Paris,  1934,  xlii.  1131, 
1849;  Putnam,  T.  J.,  Teel,  H.  M.,  and  Benedict,  E.  B.,  Arch.  Surg.,  Chicago, 
1929,  xviii.  1708;  Saliat,  Dermat.  Zentralbl.,  Berlin,  1911,  xiv.  385;  Shattock, 
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S.  G.,  Trans.  Path.  Soc.  Lond.,  1898,  xlix.  228;  Touraine,  Solente,  et  GolIs, 
Presse  med.,  Paris,  1935,  xliii.  1820;  Unna,  P.  G.,  Monatsh.  f.  prakt.  Dermat., 
Hamburg,  1907,  xlv.  227;  Weber,  F.  P.,  Brit.  Journ.  Dermat.  and  Syphil., 
Lond.,  1928,  xl.  1 ;  Weber,  F.  P.,  and  Atkinson,  F.  R.  B.,  ibid.,  1928,  xl.  454. 


Aetiology.  In  childhood  an  eosinophil  adenoma  causes  gigantism, 
but  occasionally  the  clinical  picture  approaches  that  of  acromegaly. 
Atkinson  (1931)  collected  30  reported  cases  under  the  age  of  15  years 
and  accepted  25.  Sternberg  (1897 )  threw  doubt  on  the  cases  reported 
in  early  life,  and  Marie  was  convinced  that  it  was  not  congenital. 

Moncorvo  (1895)  reported  a  case  in  a  female  baby  aged  14  months  ; 
this,  however,  has  been  disputed  and  regarded  as  cretinism.  Lemos 
(1911)  and  Salle  (1912)  described  congenital  giant  growth;  Lemos’s 
patient,  the  Portuguese  giant  Jose  Lopes,  showed  gigantism,  acro¬ 
megaly,  sexual  infantilism,  and  poor  mentality.  Launois  and  Roy 
(1902)  recorded  a  giant  with  infantilism  and  un-united  epiphyses, 
which  Meige  (1902)  regarded  as  an  intermediate  case  between  the  less 
numerous  infantile  and  the  commoner  acromegalic  giants  to  which  he 
restricted  the  title  ‘  gigantism  ’ .  Mikulski  (1911)  recorded  atypical  aero  - 
megaly  with  schizophrenia  (dementia  praecox).  Seale  (1934)  reported 
the  case  of  a  Kaffir  boy,  aged  10  years,  5  ft.  2  in.  in  height,  37  lb.  over 
the  average  weight,  failing  vision,  pale  optic  disks,  severe  headache, 
and  tendency  to  drop  off  to  sleep  ;  post-mortem  examination  showed 
a  large  pituitary  tumour.  Acromegaly  in  one  of  identical  twins  was 
explained  by  Lewis  (1934)  as  possibly  due  to  an  environmental  injury 
of  the  skull. 

From  analysis  of  1029  cases  Atkinson  (1932)  found  that  in  84  per 
cent,  of  the  patients  the  disease  was  first  noticed  under  the  age  of  40 
years,  the  highest  incidence  in  both  sexes  being  in  the  third  decade ; 
the  onset  occurred  rather  earlier  in  males  than  in  females. 

Sex.  Among  1029  patients  51  per  cent,  were  males  and  49  per 
cent,  females  (Atkinson). 

A  constitutional  acromegaloid  state  has  been  described  and  may 
explain  the  rare  familial  or  hereditary  cases,  of  which  Lewis  (1934) 
analysed  25  examples  ( vide  also  p.  87 ).  In  the  presence  of  this  under¬ 
lying  state,  due  like  acromegaly  to  excess  of  eosinophil  cells,  environ¬ 
mental  factors,  such  as  injury,  may,  it  has  been  suggested,  be  re¬ 
sponsible  for  the  development  of  frank  acromegaly. 

Racial  Factors.  It  has  been  thought  that  the  incidence  among 
Jews  is  high  (Lorand;  Sternberg;  Davidoff,  1926),  and  that  hyper- 
pituitary  states  chiefly  occur  in  those  with  dark  complexions  and  hair 
(Moehlig  and  Bates,  1933).  Although  tall  stature,  like  longevity, 
runs  in  families  the  transmission  of  acromegaly  is  very  rare.  Ray 
Lankester  in  1890  insisted  that  the  parents  of  giants  are  not  abnor¬ 
mally  tall. 

Trauma.  The  aetiological  importance  of  injury  to  the  skull  and 
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pituitary  has  been  discussed  by  Lewis  (1934),  who  quoted  Nobbe’s 
(1924)  case  of  a  bullet  in  the  sella  turcica  ;  but  such  objective  evidence 
is  very  rare. 

According  to  H.  Zondek  (1935)  castration  is  an  important  aetio- 
logical  factor  in  women  as  it  increases  the  number  of  eosinophil  cells 
{vide  p.  90) ;  he  explained  the  transitory  acromegaly  of  pregnancy  by 
the  probability  that  the  increased  number  of  chromophobe  cells  is 
accompanied  by  increased  secretion  of  the  growth-promoting  hor¬ 
mone  by  the  eosinophil  cells. 

Atkinson,  F.  R.  B.,  Brit.  Journ.  Child.  Dis.,  Lond.,  1931,  xxviii.  121;  idem, 
Acromegaly,  Lond.,  1932;  Davidoff,  L.,  Endocrinol.,  Los  Angeles,  1926,  x. 
462;  Lankester,  E.  R.,  The  Advancement  of  Science,  Lond.,  1890,  237; 
Launois,  P.  E.,  et  Roy,  P.,  Rev.  neurol.,  Paris,  1902,  x.  1054;  Lemos,  M., 
Nouv.  iconogr.  Salpetr.,  Paris,  1911,  xxiv.  1;  Lewis,  A.,  Journ.  Neurol,  and 
Psychopath.,  Lond.,  1934,  xv.  1 ;  Mikulski,  A.,  Nouv.  iconogr.  Saltpetr.,  Paris, 
1911,  xxiv.  324;  Moehlig,  R.  C.,  and  Bates,  G.  S.,  Arch.  Int.  Med.,  Chicago, 
1933,  li.  207 ;  Moncorvo,  Ally.  Wien.  med.  Ztg.,  1895,  xi.  14;  Nobbe,  H.,  Arch, 
f.  Psychiat.,  Berlin,  1924,  lxxi.  236;  Salle,  V.,  Jahrb.f.  Kinderh.,  Berlin,  1912, 
lxxv.  540;  Seale,  E.  A.,  South  African  Med.  Journ.,  Cape  Town,  1934,  viii. 
371,  and  later  personal  information;  Sternberg,  M.,  Die  Akromegalie,  Wien, 
1897,  translated  by  F.  R.  B.  Atkinson,  New  Sydenham  Soc.,  Lond.,  1899; 
Zondek,  H.,  Diseases  of  the  Endocrine  Glands,  Lond.,  1935,  321. 

Clinical  Picture.  The  onset  is  gradual  with  manifest  enlargement 
of  the  hands,  feet,  and  face,  which  sometimes  develops  rather  rapidly 
and  may  escape  the  notice  of  male  patients,  though  not  so  often  of 
their  friends  ;  the  attention  of  women  may  be  directed  to  the  change 
in  connexion  with  their  gloves.  Early  symptoms  are  sexual  im¬ 
potence,  irregularity  or  cessation  of  menstruation,  pains  in  the  head 
and  other  parts  of  the  body,  numbness  and  tingling  of  the  extremities, 
disturbance  of  vision,  and  polyuria.  The  face  becomes  massive  and 
oval,  the  nose  large,  coarse,  disfigured  with  expanded  nostrils,  the 
skin  brownish  or  yellow,  thick,  greasy,  and  subject  to  excessive 
perspiration.  The  structural  changes  in  the  skin,  subcutaneous 
tissues,  and  skeleton  have  been  mentioned  above  (p.  92).  The  lips, 
especially  the  lower,  the  tongue,  and  soft  palate  are  enlarged,  as  is 
the  larynx  with  resulting  deepening  of  the  voice.  The  external  ears 
often  share  in  the  enlargement,  and  the  membrana  tympani  in  the 
thickening.  Deafness  and  tinnitus  are  not  uncommon,  but  impair¬ 
ment  of  taste  has  seldom  been  recorded. 

Radiological  diagnosis  of  pituitary  enlargement,  first  practised  by 
Hermann  Oppenheim  (1858-1919)  in  1899,  was  employed  by  Beclere 
(1902),  and  later  elaborated  by  Puech  and  Stuhl  (1934)  who,  as 
mentioned  above  (p.  90),  laid  stress  on  the  exaggeration  of  the 
tubercle  of  the  sphenoid  which  forms  the  characteristic  c  bee  acro- 
megalique’  between  the  optic  nerves. 
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Enlargement  of  the  hands  and  feet  is  extremely  prominent ;  Marie 
(1896)  described  two  forms  of  change  in  the  hands:  (a)  mam  en  long 
showing  increase  in  length,  occurring  when  the  disease  begins  before 
adult  life  and  is  associated  with  increased  height,  and  ( b )  main  en 
large  showing  increased  breadth,  seen  when  the  disease  begins  in 


Fig.  1.  Woman,  aged  54  years,  with  acromegaly,  one  of 
Pierre  Marie’s  original  cases  in  1886. 


adult  life,  the  fingers  being  described  as  sausage  shaped.  The  en¬ 
largement  is  not  only  bony,  for  measurements  after  hypophysectomy 
may  show  a  diminution  in  size,  some  of  the  enlargement  being  due  to 
hypertrophy  of  the  soft  parts  and  to  oedema  (Cushing  and  Davidoff, 
1927).  Radiological  examination  of  the  hands  was  carried  out  in 
1896  by  Marinesco.  The  thorax  is  enlarged,  especially  in  the  antero¬ 
posterior  diameter;  Erb  (1840-1921)  described  post-sternal  dullness 
in  1888  which  he  ascribed  to  the  presence  of  an  enlarged  thymus 
(Erb’s  sign).  Arnold,  however,  argued  that  it  was  due  to  thickening 
and  bending  of  the  sternum.  The  facial  deformity  and  the  huge 
hands  which,  from  the  bent  kyphotic  back,  reach  nearer  the  knees 
than  normal,  produce  an  appearance  like  that  of  the  gorilla. 

The  subjective  symptoms,  graphically  described  in  1912  from 
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personal  experience  of  what  Leonard  Mark  called  cthe  acromegalic 
state’,  included  malaise,  intense  fatigue,  sensation  of  being  under  an 
anaesthetic,  a  desire  to  keep  quite  still,  inability  to  work,  intolerance 
of  noise  and  bright  light,  giddiness,  and  a  feeling  of  very  severe  ill¬ 
ness.  Headache,  due  to  increased  intracranial  pressure  and  the  erosion 
of  the  walls  of  the  sella  turcica  which,  being  thickened,  do  not  give 
way  as  soon  as  in  a  chromophobe  adenoma  (Cushing,  1927),  may  be 
intolerable.  Involvement  of  the  olfactory  bulbs  may  be  responsible 
for  loss  of  the  sense  of  smell.  Wandering  pains,  especially  in  the 
fingers,  are  common.  The  secondary  sex  characters  become  in¬ 
creasingly  masculine  in  both  men  and  women,  with  growth  of  hair 
and  enlargement  of  the  external  organs  of  generation.  Later  the 
uterus  and  the  testes  undergo  atrophy.  In  males  sexual  power  has 
been  stated  to  be  at  first  exaggerated,  but,  if  this  is  so,  it  is  rapidly 
succeeded  by  impotence,  which  can  be  explained  by  pressure  of  the 
eosinophil-celled  adenoma  on  the  remainder  of  the  anterior  lobe  and 
interference  with  the  formation  of  the  gonadotropic  hormones 
thought  to  be  formed  by  the  basophil  cells.  In  women  amenorrhoea 
and  sterility  occur.  Secretion  of  milk  from  the  mamma  of  males  has 
been  recorded  (Davidoff,  1926).  The  combination  of  gigantism  with 
infantilism,  pointed  out  by  Brissaud  and  Meige  (1904),  is  not  un¬ 
common  in  acromegaly. 

Cardiovascular  symptoms — angina  and  congestive  failure — were 
described  by  Huchard  (1895).  Varicose  veins,  as  Marie  (1889) 
pointed  out,  are  common;  according  to  Phillips  (1909),  who  de¬ 
scribed  thrombophlebitis,  they  are  almost  constant  in  the  lower  limbs; 
impaired  secretion  of  the  anterior  lobe  has  been  rather  vaguely 
regarded  as  responsible  (Gaugier,  1931 ).  Piles  also  are  not  uncommon. 
Epistaxis  is  frequent ;  Cushing  (1912)  described  occasional  and  inter¬ 
mittent  discharge  of  mucus  from  accumulation  in  the  sphenoidal 
cells  as  the  result  of  obstruction  due  to  extension  of  the  pituitary 
tumour.  In  the  later  stages  there  may  be  slight  anaemia  and  an 
increase  of  mononuclears.  The  blood-pressure  varies ;  Brenning 
(1933)  found  hypertension  more  frequent  in  women  after  the  meno¬ 
pause  than  in  men  over  40  years  of  age. 

The  eye  symptoms  were  investigated  by  Swanzy  of  Dublin  in  the 
early  nineties  and  have  received  much  attention  since  from  Uhthoff 
(1853-1927)  in  1898  and  1914,  Cushing  and  Walker  (1915),  de 
Schweinitz  (1923),  and  others.  It  has  been  estimated  that  vision  is 
affected  in  more  than  half  the  cases,  from  pressure  on  the  optic  path¬ 
way.  According  to  Uhthoff  (1914)  the  commonest  and  most  charac¬ 
teristic  disturbance  is  heteronymous  bitemporal  hemianopia.  A 
central  scotoma  may,  and  changes  in  colour  vision  always,  precede 
hemianopia,  temporal  or  homonymous  (Cushing,  1912).  Primary 
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optic  atrophy  may  occur,  and  choked  disk  may  supervene  in  rare 
cases  (Uhthoff).  The  two  eyes  are  seldom  affected  exactly  alike,  one 
may  be  blind  when  the  other  shows  little  change. 

Exophthalmos  was  present  in  114,  or  12-5  per  cent.,  of  914  cases 
analysed  by  Atkinson  (1932);  according  to  Cushing  (1912)  it  is  always 
present  in  some  degree.  It  may  be  unilateral  or  more  prominent  on 
one  side.  It  has  been  ascribed  to  venous  engorgement  caused  by 
pressure  of  the  enlarged  pituitary  on  the  cavernous  sinus,  or  to 
hyperplasia  of  the  intra-orbital  tissue.  Labbe  and  his  co-workers 
(1931,  1933),  however,  considered  that  it  is  part  of  a  neuro- vegetative 
syndrome  (para-Basedowism)  which  can  be  separated  from  hyper¬ 
thyroidism,  and  that  the  reason  why  it  is  so  often  associated  with 
hyperthyroidism  is  because  thyroxine  sensitizes  the  sympathetic. 
Stimulation  of  the  thyroid  by  the  thyrotropic  hormone  of  the 
anterior  pituitary  would  thus  pave  the  way  for  exophthalmos,  just 
as  it  increases  the  basic  metabolic  rate.  Drouet  (1934)  argued  that 
the  neuro- vegetative  syndrome  is  due  to  hyperpituitarism. 

The  thyroid  is  palpably  enlarged  in  a  considerable  proportion,  in 
perhaps  a  quarter,  of  the  cases;  the  metabolic  rate  is  raised,  and 
exophthalmos,  as  just  mentioned,  also  occurs.  It  is,  therefore,  not 
surprising  that  the  combination  of  acromegaly  with  toxic  goitre  has 
been  reported;  Murray  (1897)  collected  cases  and  explained  the 
association  by  a  factor  bringing  about  similar  changes  in  the  pituitary 
and  thyroid.  According  to  the  recent  views  of  Drouet  (1934)  and 
others  it  might  be  contended  that  toxic  goitre  was  primarily  due  to 
increased  activity  of  the  anterior  pituitary  of  a  slightly  different 
character  from  that  responsible  for  acromegaly.  Exophthalmos  may 
come  on  so  early  in  the  course  of  the  disease  as  to  render  difficult  the 
differential  diagnosis  from  toxic  goitre  (M.  Labbe  and  Justin- 
Besan9on,  1935). 

Urinary  Symptoms.  Polyuria  is  due  to  insufficiency  of  the 
posterior  pituitary,  caused  by  pressure  exerted  by  the  eosinophil 
adenoma  on  the  pars  nervosa  and  the  infundibulum.  It  is  common: 
from  analysis  of  1,319  collected  cases  Atkinson  (1932)  found  that  it 
occurred  in  44-5  per  cent.  It  may  be  an  early  symptom.  Albuminuria 
is  not  infrequent,  but  is  due  to  concomitant  renal  disease  and  not 
directly  to  acromegaly.  Among  524  cases  it  was  present  in  124 
(Atkinson). 

A  pressor  substance  was  found  in  the  urine,  but  was  not  regarded 

as  of  pituitary  origin  (Humphry  and  Dixon,  1910). 

Glycosuria  and  diabetes  mellitus.  The  earliest  statement  about 
glycosuria  is  M.  Loeb's  note  in  1884  that  it  is  common  in  pituitary 
tumours.  In  1889  Marie  noticed  insatiable  appetite,  thirst  and 
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diabetes  mellitus,  but  left  open  the  relation  between  diabetes  mellitus 
and  acromegaly;  in  1890  Kanthack  (1863-98)  recorded  glycosuria 
without  any  diabetic  symptoms.  The  history  of  ancient  giants  with 
huge  appetites  and  polyuria  is  suggestive.  In  no  diseases  except 
those  of  the  pancreas  is  glycosuria  so  frequent;  in  1897  Hansemann 
(1858-1920)  found  it  in  12  out  of  97  collected  cases;  according  to 
Borchardt  (1908)  it  occurred  in  40  per  cent.;  Rosenberger  (1911) 
found  it  in  40  per  cent.,  and  Cushing  and  Davidoff  (1927)  recorded  its 
occurrence  in  25  (12  of  true  diabetes  mellitus)  out  of  100  cases, 
and  discussed  its  nature.  L.  Loeb  (1869-  )  in  1898  had  ascribed 

it  to  irritation  by  the  tumour  of  a  hypothetical  sugar  centre  in  the 
hypothalamus,  but  this  neurogenic  hypothesis  has  been  contested  on 
the  ground  that  glycosuria  is  rare  in  pituitary  tumours  other  than 
eosinophil-celled  growths.  Lorand  (1904)  ascribed  the  glycosuria  to 
hyperthyroidism,  which  has  since  been  explained  by  excess  of  the 
pituitary  thyrotropic  hormone ;  on  the  other  hand,  the  goitre  com¬ 
mon  in  acromegaly  has  been  described  as  colloid  and  without  any 
evidence  of  activity  (Shattock,  1898).  Glycosuria  and  diabetes, 
however,  have  been  regarded  as  due  to  the  antagonism  to  insulin 
exerted  by  the  oxytocic  hormone  of  the  posterior  pituitary.  Cortical 
hyperplasia  of  the  adrenals  has  also  been  thought  to  be  concerned  in 
the  causation  of  glycosuria. 

Diabetes  mellitus,  which  is  much  less  frequent  than  glycosuria, 
may  cause  death  from  coma  in  acromegaly ;  it,  however,  differs  from 
ordinary  diabetes  mellitus  in  spontaneously  undergoing  permanent 
or  temporary  cure  ;  according  to  Colwell  (1927)  this  was  first  pointed 
out  by  Finzi  (1897).  Goetsch,  Cushing,  and  Jacobson  (1911)  stated 
that  glycosuria  and  a  lowered  sugar  tolerance  usually  occur  in  the 
early  stages  of  acromegaly  and  later  may  be  followed  by  increased 
tolerance.  Although  more  or  less  resistant  to  insulin  (Cushing,  1930) 
acromegalic  diabetics  usually  respond  well  to  the  treatment  (H. 
Roger,  1933). 

The  muscles  atrophy,  become  weak  in  the  later  stages,  and  contrast 
with  the  large  body.  Polyuria  and  thirst  are  naturally  associated, 
and  the  appetite  may  be  excessive. 

The  basal  metabolic  rate  was  shown  to  be  raised  in  1907  by  Magnus- 
Levy,  who  also  pointed  out  the  occurrence  of  hyperthyroid  symptoms. 
Boothby  and  Sandiford  (1922)  found  a  basal  metabolic  rate  about 
+  10  in  50  per  cent,  of  30  cases;  Cushing  and  Davidoff  (1927)  in 
72  cases  found  the  average  metabolic  rate  above  0  in  49,  or  68  per 
cent.,  averaging  +18-6;  Davis  (1934)  obtained  similar  results. 
Cushing  and  Davidoff  left  the  question  open  whether  the  pituitary 
acted  ( a )  directly  in  the  tissues,  or  (b)  indirectly  through  the  thyroid. 
Anderson  and  Collip  (1933)  isolated  from  the  anterior  pituitary  a 
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thyrotropic  hormone  which  experimentally  produced  thyroid  hyper¬ 
plasia  and  a  raised  metabolic  rate ;  it  would  appear  that,  though  the 
raised  metabolic  rate  is  due  to  thyroid  change  (Ricci,  1933),  especially 
by  adenomas,  the  thyroid  is  activated  by  the  thyrotropic  hormone ; 
and  that  cases  of  acromegaly  without  a  raised  metabolic  rate  are 
those  in  which  the  anterior  pituitary  does  not  provide  the  thyrotropic 
hormone  in  excess. 

Mental  disorder.  It  is  not  surprising  that  as  a  result  of  the  severe 
headache  from  intra-cranial  pressure  and  the  psychological  influence 
of  the  deformity  mental  symptoms  are  fairly  common,  such  as  slow 
mentality,  loss  of  memory,  depression,  hallucinations,  delusions,  and 
suicidal  tendencies.  Farnarier  (1899)  described  the  mental  change  as 
degenerative  in  character. 

Incomplete  or  Fruste  Forms  of  Acromegaly.  In  1895  Chauf- 
fard  (1855-1932)  pointed  out  that  there  are  stages  in  the  history  of 
diseases :  at  first  the  newly  described  type  is  regarded  as  rare ; 
typical  cases  only  are  recognized ;  but  as  the  recorded  examples 
multiply,  incomplete  forms  come  under  observation.  He  described 
as  ‘fruste 5  or  incomplete  a  case  with  macroglossia.  In  the  same  year 
Moncorvo  recorded  a  case  with  microcephaly.  Claude  (1907)  re¬ 
ported  acromegaly  without  giant  growth  in  a  girl  aged  15  years,  who 
had  the  changes  of  acromegaly  in  the  skidl  and  face  but  without 
gigantism  and  changes  in  the  hands  and  feet.  Radiographs  showed 
that  the  epiphyses  had  united,  thus  conforming  to  the  rule  that 
gigantism  occurs  only  during  the  period  of  growth  before  the  epi¬ 
physes  unite.  Transient  acromegaloidism  (vide  p.  104)  and  ‘fugitive5 
acromegaly  ( vide  p.  112)  are  mentioned  elsewhere. 

Duration.  The  disease  has  been  said  to  be  of  three  grades  (Stern¬ 
berg,  1897).  (i)  The  benign  form,  lasting  50  years.  Leonard  Mark, 
who  believed  that  he  had  had  symptoms  for  51  years,  passed  into  a 
hypopituitary  stage,  (ii)  The  usual  chronic  form,  lasting  from  8  to 
30  years,  (iii)  An  acute  form  of  3  to  4  years’  duration,  in  which  the 
adenoma  becomes  malignant;  in  1898  I  collected  10  cases. 

Anderson,  E.  M.,  and  Collip,  J.  B.,  Proc.  Soc.  Exper.  Biol,  and  Med.,  1933, 
xxx.  680;  Atkinson,  F.  R.  B.,  Acromegaly,  Lond.,  1932;  Beclere,  A.,  Bull,  et 
mem.  Soc.  med.  d.  hop.  de  Paris,  1902,  3  s.,  xix.  1060;  Boothby,  W.  M.,  and 
Sandiford,  J.,  Journ.  Biol.  Chem.,  Baltimore,  1922,  liv.  767;  Borchardt, 
Ztschr.  f.  Min.  Med.,  Berlin.  1908,  lvi.  332;  Brenning,  R.,  Ztschr.  f.  exper. 
Path.  u.  Therap.,  Berlin,  1933,  xl.  28 ;  Brissaud,  E.,  et  Meige,  H.,  Rev.  neurol., 
Paris,  1904,  xii.  191 ;  Chatjffard,  A.,  Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris, 
1895,  3  s.,  xii.  542;  Claude,  H.,  Encephale,  Paris,  1907,  ii.  295;  Colwell,  R., 
Medicine,  Baltimore,  1927,  vi.  1 ;  Cushing,  H.,  The  Pituitary  Body  and  its 
Disorders,  Phila.,  1912;  Cushing,  H.,  and  Davidoff,  L.  W.,  Arch.  Int.  Med., 
Chicago,  1927,  xxxix.  673,  751 ;  Cushing,  H.,  and  Walter,  C.  B.,  Brain,  Lond., 
1914-15,  xxxvii.  341 ;  Davidoff,  L.  W.,  Endocrinol.,  Los  Angeles,  1926,  x.  477  ; 
Davis,  A.  C.,  Proc.  Staff  Meetings,  Mayo  Clinic,  1934,  ix.  709;  Drouet,  P.  L., 
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Rev.  frang.  d1  endocrinol.,  Paris,  1934,  xii.  101 ;  Erb,  W.,  Deutsches  Arch.  f.  klin. 
Med.,  Leipz,  1888,  xlii.  295;  Farnarier,  F.,  Nouv.  iconogr.  de  la  Sapetriere, 
Paris,  1899,  xii.  398 ;  Finzi,  G.,  Boll.  d.  sc.  med.  d.  Bologna,  1897,  7  s.,  viii.  201  ; 
Gatjgier,  L.,  Presse  med.,  Paris,  1931,  xxxix.  206;  Goetsch,  E.,  Cushing,  H., 
and  Jacobson,  C.,  Bull.  Jolms  Hopkins  Hosp.,  Baltimore,  1911,  xxii.  165; 
Hansemann,  D.,  Berlin,  klin.  W chnschr .,  1897,  xxxiv.  417 ;  Huchard,  H., 
Rev.  gen.  de  clin.  et  de  therap,  Paris,  1895,  ii.  249;  Humphry,  L.,  and  Dixon, 
W.  E.,  Brit.  Med.  Journ.,  1910,  ii.  1046;  Kanthack,  A.  A.,  Trans.  Path.  Soc., 
Bond.,  1891,  xlii.  252;  Labbe,  M.,  et  al.,  Conipt.  rend.  Acad.  d.  sc.,  Paris,  1931, 
cxciii.  260;  idem,  Bull.  Acad,  med.,  Paris,  1933,  cx.  730;  Labbe,  M.,  et 
Justin-Besan90n,  L.,  Bull,  et  mem.  Soc.  med.  cl.  hop.  d.  Paris,  1935,  s.  3,  li. 
1221;  Loeb,  L.,  Centralbl.  f.  inn.  Med.,  Leipz.,  1898,  ix.  893;  Loeb,  M., 
Deutsches  Arch.  f.  klin.  Med.,  Leipz.,  1883-4,  xxxiv.  443;  Lorand,  A.,  Conipt. 
rend.  Soc.  biol.,  Paris,  1904,  lvi.  554;  Magnus-Levi,  A.,  Ztschr.f.  klin.  Med., 
Berlin,  1897,  xxxiii.  314;  Marie,  P.,  Progres  med.,  Paris,  1889,  2  s.,  ix.  189; 
idem,  Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris,  1896,  3  s.,  xiii.  413;  Marinesco, 
G.,  Compt.  rend.  Soc.  biol.,  Paris,  1896,  xlviii.  615;  Mark,  L.,  Acromegaly:  A 
Personal  Experience,  Bond.,  1912;  Moncorvo,  AUg.  Wien.  ?ned.  Ztng.,  1895,  xl. 
14;  Murray,  G.  R.,  Edin.  Mecl.  Journ.,  1897,  i.  170;  Phillips,  J.,  Med.  Rec., 
N.Y.,  1909,  lxxv.  301 ;  Puech,  P.,  et  Stuhl,  L.,  Presse  med.,  Paris,  1934,  xlii. 
1131;  Ricci,  P.  R.,  Rev.  /rang,  d' endocrinol.,  Paris,  1933,  xi.  14;  Roger,  H., 
Marseille  med.,  1933,  lxx.  31;  Rolleston,  H.,  Trans.  Path.  Soc.  Bond.,  1898, 
xlix.  237;  Rosenberger,  F.,  Die  TJrsachen  cler  Glykosurien,  Mtinchen,  1911; 
Schweinitz,  G.  E.  de,  Trans.  Ophthal.  Soc.  U.K.,  1923,  xliii.  12;  Shattock, 
S.  G.,  Trans.  Path.  Soc.  Bond.,  1898,  xlix.  228 ;  Sternberg,  M.,  Die  Akromegalie, 
Wien,  1897,  translated  by  F.  R.  B.  Atkinson,  New  Sydenham  Society,  Lond., 
1899;  Uhthoff,  W.,  Deutsche  med.  W chnschr .,  1898,  xxiv.  133;  idem,  Trans. 
Ophthal.  Soc.  U.K.,  1914,  xxxiv,  xlvii. 

Diagnosis.  The  skeletal  changes,  especially  in  the  face  and  ex¬ 
tremities,  the  bitemporal  hemianopia  with  later  optic  atrophy  and 
blindness,  and  radiological  evidence  of  the  changes  in  the  sella 
turcica,  form  the  basis  of  the  diagnosis. 

Differential  Diagnosis.  Some  of  the  earliest  reported  cases  of 
acromegaly,  such  as  those  of  Henrot  (1877),  Wadsworth  (1885, 
myxoedema  with  optic  atrophy),  these  two  before  acromegaly  as 
such  was  described  by  Marie,  of  Wilks  (1888),  and  Godlee  (1888), 
were  first  regarded  as  myxoedema  or  thyroid  disease.  Some  doubt 
may  arise  about  the  reported  cases  described  as  a  combination  of 
myxoedema  and  acromegaly. 

Meige  in  1902  collected  4  cases  and  others  have  been  reported  by 
Auerbach  (1907),  Bauer  and  Gy  (1909),  Surow  (1909),  Good  and  Ellis 
(1918),  and  Fournier  and  Helguere  (1934).  Acquired  myxoedema  on 
an  acromegaloid  background  has  been  described  (Michon  and  Grau, 
1933). 

Like  myxoedema,  the  facial  aspect  in  the  past  suggested  chronic 
renal  disease. 

In  1894  G.  S.  Middleton  (1853-1928)  recorded  a  case  of  acromegaly 
with  anomalous  joint  affections,  which  in  January  1885  had  been 
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under  the  care  of  W.  T.  Gairdner  (1824-1907)  who  regarded  the 

condition  as  chronic  Bright’s  disease. 

The  thyroid  enlargement  and  exophthalmos,  sometimes  present 
in  acromegaly,  have  led  to  an  erroneous  diagnosis  of  toxic  goitre  as 
the  whole  disease  and  to  the  performance  of  thyroidectomy,  as  was 
pointed  out  by  Cushing  and  Davidoff  (1927). 

Difficulty  is  more  likely  to  arise  in  the  diagnosis  from  some  forms 
of  bone  disease,  such  as  osteitis  deformans  or  Paget’s  disease  (1877), 
chronic  hypertrophic  pulmonary  osteo-arthropathy  (Marie,  1890), 
and  leontiasis  ossea  (Virchow,  1863),  but  should  not  now  be  very 
serious.  In  osteitis  deformans  the  bones  of  the  cranium  and  the  long 
bones  of  the  extremities  are  mainly  involved,  whereas  in  acromegaly 
the  hands  and  feet  are  prominently  affected,  and  the  bones  of  the 
face  are  more  altered  than  those  of  the  cranium.  In  chronic  pul¬ 
monary  osteo-arthropathy  the  hands  and  feet  are  deformed,  the 
face  is  not  affected,  the  terminal  phalanges  show  clubbing,  and  a 
primary  focus,  such  as  bronchiectasis,  can  usually  be  detected ;  in 
acromegaly  the  hands  and  feet  are  merely  enlarged  and  not  deformed. 
Leontiasis  ossea  is  usually  confined  to  the  bones  of  the  skull,  and  in 
rare  conditions  of  more  widespread  hyperplastic  osteitis  radiological 
and  ophthalmological  evidence  of  acromegaly  will  be  absent. 
Syringomyelia  has,  in  rare  instances,  been  reported  as  combined  with 
acromegaly  (Petren,  1907  ;  McBride,  1925 ;  Langeron  and  le  Dour- 
ment,  1934).  Discussion  has  taken  place  about  the  correct  diagnosis 
of  these  cases ;  McBride  suggested  that  the  cord  lesion  was  secondary 
to  hydrocephalus  in  acromegaly. 

A  thymus-suprarenal-pituitary  compensatory  syndrome  was  de¬ 
scribed  by  Timme  (1918)  as  consisting  of  four  stages:  (i)  in  early  life 
mainly  status  lymphaticus,  (ii)  about  puberty  adrenal  inadequacy, 
(iii)  compensation  by  the  pituitary  with  early  signs  of  acromegaly, 
and  (iv)  more  evident  acromegalic  manifestations.  It  does  not  appear 
to  have  met  with  serious  attention  and  confirmation. 

Auerbach,  Wien.  Min.  Rundschau,  1907,  vi.  85;  Bailey,  P.,  and  Cushing,  H., 
Am.  Journ.  Path.,  Boston,  1928,  iv.  548;  Bauer  et  Gy,  Rev.  neurol.,  Paris, 
1909,  xvii.  1257 ;  Cushing,  H.,  and  Davidoff,  L.  M.,  Arch.  Int.  Med.,  Chicago, 
1927,  xxxix.  673;  Dinkin,  L.,  und  Ehrmann,  R.,  Klin.  Wchnschr.,  1922,  ii. 
2139  ;  Fournier,  J.  C.  M.,  and  Helguere,  R.  A.  L.,  Endocrinol.,  Los  Angeles, 
1934,  xviii.  527 ;  Godlee,  R.  J.,  Trans.  Clin.  Soc.  Lond.,  1888,  xxi.  196;  Good, 
W.  H.,  and  Ellis,  A.  G.,  Endocrinol.,  Los  Angeles,  1918,  ii.  431 ;  Henrot,  H., 
Notes  de  climque  med.,  Rheims,  1877,  57;  Langeron  et  Le  Dourmont,  Rev. 
frang.  d'endocrinol.,  Paris,  1934,  xii.  471 ;  Lewis,  A.,  Journ.  Neurol,  and  Psycho¬ 
path.,  Lond.,  1934,  xv.  1 ;  MacBride,  H.  J.,  Journ.  Neurol,  and  Psycho-path., 
Lond.,  1925-6,  vi.  114;  Meige,  H.,  Arch.  gen.  de  med.,  Paris,  1902,  cxc.  407; 
Michon,  P.,  et  Grau,  M.,  Bull,  et  mem.  Soc.  med.  des  hop.  de  Paris,  1933,  3  s.,  1. 
1379  ;  Middleton,  G.  S.,  Clinical  Records  from  the  Glasgow  Royal  Infirmary ,  1894, 
p.  22 ;  Petren,  K.,  Virchows  Arch.,  1907,  cxc.  1 ;  Surow,  vide  Ja/ire.s&.  ii.  d.  Ophtli., 
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1909,  xl.  505 ;  Timme,  W.,  Endocrinol.,  Los  Angeles,  1918,  ii.  209 ;  Wadsworth, 
F.  O.,  Boston  Med.  and  Surg.  Journ.,  1888,  cxii.  5;  Wilks,  S.,  Med.  Press  and 
Circ.,  Lond.,  1888,  xcvi.  404. 

Treatment.  Drugs  have  not  been  successful.  Brown-Sequard 
(1893)  advocated  extracts  of  thyroid,  spleen,  and  bone  marrow; 
pituitary  extract  was  given  by  16  clinicians  quoted  by  Hinsdale 
(1898),  and  a  combination  of  thyroid  by  Vinke  (1896)  and  Rolleston 
(1897  ),  and  de  Schweinitz  (1928)  spoke  of  its  good  effects.  With  our 
present  knowledge,  pituitary  extract,  if  absorbed  from  the  alimentary 
canal,  would  be  likely  to  exaggerate  many  of  the  clinical  manifesta¬ 
tions  during  the  active  stage.  But  in  the  later  stage  of  hypo¬ 
pituitarism  administration  of  an  extract  of  the  anterior  pituitary 
may  be  tried.  For  polyuria  extract  of  the  posterior  lobe  should  be 
given. 

Operative  Treatment.  Symptomatic:  for  pain  due  to  increased 
intracranial  pressure,  decompression  was  first  performed  in  1893  by 
F.  T.  Paul,  who  did  not  proceed  to  the  removal  of  the  pituitary  as 
tentatively  contemplated. 

Radical:  Removal  of  the  pituitary  tumour  was  performed  in  1908 
by  Hochenegg  of  Vienna  [the  skeletal  changes  being  stated  to  have 
receded  after  the  fifth  day],  by  Kocher,  and  by  Cushing. 

From  an  analysis  of  75  cases  of  removal  of  the  tumour,  39,  or  52  per 
cent.,  were  improved ;  but  this  includes  a  period  when  the  operative 
mortality  was  70  per  cent.  (Atkinson,  1932).  Cushing,  whose  opera¬ 
tive  mortality  was  10  per  cent.,  obtained  better  results  as  regards 
vision  from  a  transfrontal  than  from  a  trans- sphenoidal  technique. 

Treatment  by  X-Rays.  In  1896  Marinesco  briefly  referred  to 
radiological  treatment  of  the  hands.  Irradiation  of  the  pituitary  was 
independently  and  almost  simultaneously  reported  by  Gramegna  of 
Turin  in  January  1909  and  by  Beclere  of  Paris  in  February  of  the 
same  year ;  the  latter  spoke  of  its  value  in  the  treatment  of  pituitary 
tumours.  Opinions  about  the  value  of  X-ray  exposures  have  varied. 
Frazier  (1934)  did  not  believe  that  benefit  was  obtained;  Cushing 
and  Davidoff  (1927)  were  not  enthusiastic;  good  results,  however, 
have  been  reported  by  Gallino  (1934). 

Atkinson,  F.  R.  B.,  Acromegaly,  Lond.,  1932,  p.  82;  Beclere,  A.,  Bull,  et 
mem.  Soc.  med.  des  hop.  de  Paris,  1909,  3  s.,  xxvi.  274;  Brown-Sequard,  C.  E., 
Compt.  rend.  Soc.  biol.,  Paris,  1893,  9  s.,  v.  527;  Cushing,  H.,  Intracranial 
Tumours,  Springfield,  1932,  p.  75;  Cushing,  H.,  and  Davidoff,  L.  M.,  Arch. 
Int.  Med.,  Chicago,  1927,  xxxix.  673,  751;  Frazier,  C.  H.,  Trans.  Coll.  Phys. 
Phila.,  1934,  4  s.,  ii.  245;  Gallino,  A.  A.,  Semana  med.,  Buenos  Aires,  1934, 
1048;  Gramegna,  A.,  Rev.  neurol.,  Paris,  1909,  xvii.  15;  Hinsdale,  G., 
Acromegaly,  Detroit,  1898,  p.  59;  Hochenegg,  J.,  Deutsche  Ztschr.  f.  Chir., 
Leipz.,  1909,  c.  317;  Paul,  F.  T.,  and  Caton,  R.,  Brit.  Med.  Journ.,  1893,  ii. 
1421 ;  Rolleston,  H.  D.,  Lancet,  1897,  ii.  1443;  Schweinitz,  G.  E.  de,  Trans. 
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Ophthal.  Soc.  XJ.K.,  1923,  xliii.  12;  idem,  ibid.,  1925,  xlv.  488;  Vinke,  H.  H 
Med.  Rec.,  N.Y.,  1896,  ii.  779. 

Benign  Eosinophil  Hyperplasia 

Minor  degrees  of  acromegaly  are  not  uncommon.  Variations  in 
pituitary  activity  have  been  thought  to  be  causally  connected  with 
racial  differences ;  thus  pituitary  dominance  has  been  suggested  as 
present  in  Europeans  (Berman,  1921  ;  Keith,  1922).  The  increased 
stature  and  height  of  the  skull  in  this  century’s  youth  in  London 
(Parsons,  1931)  suggest  that  in  some  way  the  growth  hormone  has 
been  stimulated  to  increased  activity.  Cushing  (1912)  pointed  out 
the  occasional  difficulty  in  deciding  where  gigantism  ends  and 
acromegaly  begins.  Dinkin  and  Ehrmann  (1922),  on  the  basis  of  40 
cases,  described  acromegaloidism  which  may  be  (a)  familial  and  per¬ 
manent,  or  ( b )  actual  acromegaloidism  which  is  more  or  less  transient, 
occurs  at  any  time  of  life,  and  more  nearly  than  the  familial  form, 
approaches  acromegaly.  During  pregnancy  slight  changes  in  the 
facial  appearance,  suggesting  in  a  minor  degree  acromegaly,  oc¬ 
casionally  occur  and  have  been  thought  to  be  due  to  pituitary 
enlargement.  Finlay  (1922)  observed  bitemporal  restriction  of  the 
field  of  vision  during  the  first  4  to  6  weeks  of  pregnancy. 

Reference  is  made  elsewhere  (p.  112)  to  ‘fugitive  acromegaly’  due 
to  some  eosinophil  cells  forming  a  rim  around  a  chromophobe 
adenoma. 

Temporary  Basophilic  Hyperpituitarism.  The  cutaneous  striae  atro- 
phicae,  spoken  of  as  ‘idiopathic’,  were  ascribed  by  Parkes  Weber  to 
temporary  over-activity  of  the  basophil  cells  of  the  pituitary  associated 
with  the  period  of  rapid  growth  at  and  following  puberty. 

Berman,  L.,  The  Glands  regulating  Personality,  N.Y.,  1921,  p.  288  ;  Cushing,  H., 
The  Pituitary  Body,  Phila.,  1912,  p.  252;  Dinkin,  L.,  und  Ehrmann,  R.,  Klin. 
Wchnschr .,  1922,  ii.  2139;  Finlay,  C.  E.,  Internat.  Congr.  Ophthalm.,  1922,  i. 
144;  Keith,  A.,  Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1922,  xxiii.  155; 
Parsons,  F.  G.,  Fjarly  Man,  His  Origin,  Development  and  Culture,  Fond.,  1931, 
p.  83;  Weber,  F.  P.,  Urol,  and  Cut.  Rev.,  St.  Louis,  1932,  xxxvi.  731. 

Cushing’s  Syndrome.  Synonym:  Pituitary  Basophilism 

In  1932  Harvey  Cushing  described  a  syndrome  in  a  number  of  cases, 
some  under  his  care,  others  previously  recorded,  in  which  the  dia¬ 
gnosis  made  retrospectively  by  him  had  been  confirmed  by  later 
examination  of  the  pituitary  which  had  fortunately  been  preserved. 
Similar  retrospective  cases  have  been  recorded  by  Riitishauser  (1933) 
and  Roch  (1934).  In  1934  Thompson  and  Cushing  experimentally 
induced  changes  somewhat  resembling  those  of  his  syndrome  by 
prolonged  injection  of  the  pituitary  gonadotropic  hormone. 

Cushing  associated  a  striking  clinical  picture  with  the  presence  of 
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a  basophil-celled  adenoma  in  the  anterior  pituitary,  usually  of  small 
size,  perhaps  only  detected  by  serial  sections  and  so  readily  over¬ 
looked.  In  some  later  cases  hyperplasia  but  not  an  adenoma  of 
basophil  cells  has  been  described  (Rutishauser,  1933 ;  Pardee,  1935). 
In  some  similar  clinical  cases,  however,  the  pituitary  has  appeared 
to  be  normal,  and  there  has  been  carcinoma,  adenoma,  or  hyperplasia 
of  the  adrenal  cortex,  especially  the  female  cases,  the  first  recorded 
by  Turney  (1913)  and  a  number  recently  reported  at  the  Mayo  Clinic 
(Kepler  et  al.  1934;  Walters,  Wilder,  and  Kepler,  1934).  Similar 
clinical  manifestations  have  exceptionally  been  associated  with 
malignant  tumours  of  the  thymus  (Leyton,  Turnbull,  and  Bratton, 
1931 ;  Kepler,  1933). 

A  number  of  clinical  manifestations  are  common  to  both  Cushing’s 
syndrome  and  the  adreno-cortical  syndrome  occurring  in  adult 
women,  as  was  shown  in  detail  by  the  comparison  between  the  two 
syndromes  drawn  by  Lescher  and  Robb-Smith  (1935),  and  in  both 
the  adrenal  cortex  may  be  hyperplastic  or  adenomatous.  Cushing’s 
conception  of  pituitary  basophilism  has  aroused  not  only  great  interest 
but  considerable  criticism.  It  has  even  been  suggested  that  the 
primary  change  is  in  the  adrenal  cortex  and  that  an  associated  baso¬ 
phil-celled  adenoma  in  the  anterior  pituitary  is  secondary  (Moehlig 
and  Bates,  1933).  In  a  case  with  the  clinical  picture  of  Cushing’s 
syndrome  there  was  a  primary  carcinoma  of  the  adrenal  cortex  with 
hepatic  metastases,  the  anterior  pituitary  showing  hyaline  changes 
in  the  basophil  cells  which  were  not  increased  in  number  (Hare, 
Ross,  and  Crooke,  1935).  In  favour  of  primary  responsibility  of 
the  adrenal  cortex  it  has  been  urged  that  removal  of  the  adrenal 
adenoma  or  hyperplastic  area  is  followed  by  disappearance  of  the 
syndrome,  the  result  being  as  satisfactory  as  that  of  thyroidec¬ 
tomy  in  toxic  goitre.  But  this  analogy  will  not  appeal  to  those 
who  believe  that  toxic  goitre  is  not  primary  in  the  thyroid  but  due 
to  some  other  factor,  possibly  excess  of  the  pituitary  thyrotropic 
hormone.  There  is  not  any  evidence  that  basophilic  adenomas  induce 
bodily  growth ;  they  are  common,  whereas  patients  with  Cushing 
syndrome  are  not;  among  1,000  pituitaries  examined  in  a  routine 
manner  Costello  (1935)  found  72,  or  7-2  per  cent,  basophilic  adeno¬ 
mas,  half  as  many  as  the  chromophobe  adenomas  and  three  and  a  half 
times  more  numerous  than  eosinophil-celled  adenomas.  Susman 
(1935),  who  found  basophilic  adenomas  in  8  per  cent,  of  260  pitui¬ 
taries  and  rather  more  frequent  than  other  adenomas,  contested  the 
anatomical  basis  of  Cushing’s  pituitary  basophilism.  It  is  certain 
that  there  may  be  complete  absence  of  symptoms  in  persons  with 
basophil- celled  adenomas.  While  the  question  whether  the  clinical 
manifestations  are  primarily  pituitary,  primarily  adrenal,  or  due  to 
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a  multiple  endocrine  disorder  and  imbalance  which  may  be  due  to 
several  factors,  remains  open,  it  is  advisable  to  speak  of  Cushing’s 
syndrome  rather  than  of  pituitary  basophilism. 

The  history  of  basophilic  adenomas  dates  from  1903,  when  Erdheim 
described  these  small  tumours  which  were  regarded  as  curiosities  of 
morbid  anatomy  rather  than  of  any  possible  clinical  interest.  In  1912 
Cushing  recorded  a  case  as  ‘a  syndrome  of  painful  obesity,  hyper¬ 
trichosis,  and  amenorrhoea,  with  over-development  of  secondary 
sexual  characteristics  accompanying  a  low  grade  of  hydrocephalus 
and  increased  cerebral  tension.  Pituitary,  adrenal,  pineal,  or  ovary?  ’ 
Cyanosis,  pigmentation,  purple  striae  atrophicae,  and  a  high  sugar 
tolerance  were  also  present.  Twenty  years  later  he  included  this 
woman,  then  45  years  old,  with  the  symptoms  in  abeyance,  among 
his  cases  of  pituitary  basophilism.  In  1925  Dott  and  Bailey  stated 
that  basophilic  adenomas  in  the  anterior  pituitary  occur  only  as 
small  intraglandular  nodules  and  do  not  give  rise  to  any  clinical 
manifestations.  In  1915,  however,  John  Anderson  had  recorded  a 
case  with  a  small  adenoma  in  the  anterior  pituitary,  a  cystic  condition 
of  the  pars  intermedia,  and  slight  hyperplasia  of  the  adrenal  cortex 
with  an  adenoma  in  the  adrenal  medulla  composed  of  cells  like  those 
of  the  zona  fasciculata.  In  a  case  with  all  the  clinical  features  of 
Cushing’s  syndrome  Parkes  Weber  in  1926  recorded  a  basophilic 
adenoma  in  the  anterior  pituitary — an  historical  point  of  interest. 
As  there  was  not  any  adenomatous  change  in  the  adrenals,  he  associ¬ 
ated  the  basophilic  adenoma  with  the  clinical  features. 

Morbid  Anatomy.  The  anterior  pituitary  contains  a  small  but 
definite  basophilic  adenoma  or,  short  of  an  adenoma,  the  basophil 
cells  may  show  areas  of  hyperplasia.  A  noteworthy  point  about  these 
adenomas  is  that,  like  those  of  the  islands  of  Langerhans  and  of  the 
parathyroids,  they  are  associated  with  effects  out  of  proportion,  as  it 
might  at  first  sight  appear,  to  their  small  size.  In  Lawrence  and 
Zimmerman’s  case  the  pars  intermedia  showed  much  cystic  colloid 
change.  Cushing  (1933)  described  well-marked  basophilic  invasion  of 
the  posterior  lobe  of  the  pituitary  and  ascribed  the  high  blood- 
pressure  to  this.  But  in  some  subsequent  cases  this  basophilic  in¬ 
vasion  has  been  absent ;  it  is,  moreover,  not  infrequent  in  middle- 
aged  subjects  and  may  occur  in  those  with  a  normal  blood-pressure 
(Close,  1935).  A  basophilic  adeno-carcinoma  with  hepatic  metastases 
has  been  recorded  (Cohen  and  Dible,  1934).  In  a  typical  clinical  case 
an  adenoma  composed  of  cells  derived  from  the  pars  intermedia  and 
different  from  the  basophil  cells  of  the  anterior  lobe  was  found  in  the 
inferior  part  of  the  anterior  lobe,  and  it  was  suggested  that  the 
symptoms  were  due  to  absence  of  the  fat  metabolism  hormone 
(MacCallum,  Futcher,  Duff,  and  Ellsworth,  1935). 
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Observations  on  the  state  of  the  other  endocrine  organs  are  rather 
few  and  show  considerable  variations :  adrenals  normal  in  4,  hyper¬ 
plastic  in  2,  and  adenomatous  in  1  of  Cushing’s  cases  ;  cortical  adeno¬ 
mas  or  hyperplasia,  especially  of  the  zona  fasciculata,  the  cells  being 
distended  with  lipoid  have  been  found  by  others.  The  thyroid  normal, 
small  and  inactive,  slightly  enlarged  with  excess  of  colloid  (in  4  of 
Cushing’s  cases).  The  parathyroids  normal,  dilated  capillaries 
(Zondek,  1923),  atrophy  of  the  parenchyma  with  fatty  overgrowth 
(Swan  and  Stephenson,  1935),  adenoma  (Schmorl,  1912;  Molineus, 
1913 ;  Lawrence  and  Zimmerman,  1934),  containing  amorphous  cal¬ 
cium  (Craig  and  Cran,  1934).  The  ovaries  senile  with  cysts,  fibrotic, 
enlarged  (Teel),  containing  corpora  lutea,  normal.  The  testes 
atrophied.  The  thymus  involuted,  exceptionally  persistent  (Teel). 
Pancreas :  normal  or  somewhat  atrophic  with  arteriosclerosis  ;  islands 
of  Langerhans  normal  or  possibly  enlarged  (Teel).  Pineal  normal. 

Osteoporosis  of  the  skeleton  was  present  in  8  of  Cushing’s  cases. 

Malignant  nephrosclerosis  has  been  reported  in  association  with  a 
basophilic  adenoma  (Russell,  Evans,  and  Crooke,  1934 ;  McMahon, 
Close,  and  Hass,  1934;  Close,  1935). 

Aetiology.  The  syndrome  is  more  frequent  in  females  than  in 
males,  in  11  out  of  16  cases  collected  by  Cushing  (1932)  who  stated 
that  the  syndrome,  though  not  confined  to,  usually  occurred  in 
relatively  young  adults,  the  average  age  of  his  first  series  of  12  cases 
being  18  years.  Lawrence  and  Zimmerman  (1935)  collected  19  verified 
cases  and  mentioned  that  Cushing  had  informed  them  of  6  more 
verified  but  unpublished  cases,  making  25. 

Clinical  Picture.  The  signs  and  symptoms  vary  considerably, 
as  is  shown  by  an  analysis  made  of  12  cases  in  which  a  basophilic 
adenoma  was  present  (Russell,  Evans,  and  Crooke,  1934).  Pardee 
(1934)  tabulated  five  forms  of  the  syndrome:  (1)  that  described  by 
Cushing,  (2)  a  mixed  syndrome  of  basophilism  and  acromegaly,  (3) 
disturbance  pointing  to  involvement  of  the  adrenal  cortex,  (4)  the 
pre-pubertal  or  pubertal  basophilism,  and  (5)  the  post-menopausal, 
when  ovarian  activity  has  ceased  and  castration  cells  appear  in  the 
anterior  pituitary. 

Cushing  described  rapid,  plethoric,  and  painful  obesity  chiefly  of 
the  abdomen,  face,  and  neck  but  sparing  the  limbs ;  acrocyanosis,  a 
dusky  appearance  of  the  skin  with  purplish  lineae  atrophicae  on  the 
lower  part  of  the  protuberant  abdomen  and  on  the  thighs,  hyper¬ 
trichosis  of  the  face  and  trunk  in  adolescents,  dry  skin,  an  increased 
number  of  red  blood  corpuscles,  a  raised  blood-pressure,  muscular 
weakness,  tendency  to  round  shoulders,  kyphosis,  lumbar  pains, 
osteoporosis,  shortened  stature,  fracture  of  bones,  hyperglycaemia, 
glycosuria,  polyuria,  thirst,  excessive  appetite,  dry  skin  and  liability 
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to  infections,  amenorrhoea  in  women  and  impotence  in  man  from 
gonadal  atrophy.  Male  distribution  of  hair  on  the  abdomen  has 
been  reported  in  females.  Absence  of  genital  hypertrophy  has  been 
thought  to  distinguish  it  from  the  adreno-cortical  syndrome  (Calder 
and  Porro) .  Of  the  symptoms  associated  with  a  basophil  adenoma 
raised  blood-pressure  and  adiposity  are  specially  frequent  (Russell, 
Evans,  and  Crooke,  1934) ;  the  blood-pressure  tends  to  be  malignant 
(Close,  1935).  In  connexion  with  the  tendency  to  infection  a  warning 
has  been  given  by  the  publication  of  a  case  in  which  diagnostic  pyelo¬ 
graphy  was  followed  by  a  fatal  Staphylococcus  aureus  septicaemia 
(MacCallum,  Futcher,  Duff,  and  Ellsworth,  1935). 

Cushing  (1932)  admitted  the  difficulty  presented  by  the  facts  that 
whereas  in  children  of  both  sexes  premature  sexual  maturity  occurs, 
in  adult  women  the  secondary  sex  characters  are  reversed  with 
amenorrhoea,  and  atrophied  ovaries  instead  of  the  ‘mulberry’  and 
over-luteinized  ovaries  produced  experimentally  by  injection  of 
gonadotropic  hormones.  Moehlig  and  Bates  (1933)  argued  that  as  a 
result  of  the  excess  of  pituitary  gonadotropic  hormone  the  ovaries 
first  became  a  mass  of  lutein  tissue  and  subsequently  of  fibrous  tissue. 
This  they  correlated  with  the  clinical  succession  of  excessive, 
irregularity  of,  and  suppression  of  menstruation. 

Hypertension  was  ascribed  by  Cushing  (1933)  to  excessive  secre¬ 
tion  of  vasopressin  by  the  basophil  cells  from  the  pars  intermedia 
which  have  invaded  the  neuro-hypophysis;  Kraus  (1928)  and  Ber- 
blinger  (1932)  described  increase  in  the  number  of  basophil  cells  in  all 
cases  of  persistent  hypertension ;  and  Russell,  Evans,  and  Crooke 
(1934)  found  a  very  close  correlation  between  basophil  adenoma, 
obesity,  and  persistent  high  blood-pressure,  but  did  not  find  abnormal 
basophil  invasion  of  the  posterior  hypophysis.  Fishberg,  who  in  1924 
with  Oppenheimer  reported  a  case  of  Cushing's  syndrome  under  the 
title  of  ‘The  Association  of  Hypertension  with  Suprarenal  Tumours  ’, 
was  in  1934  disinclined  to  accept  the  view  that  hypertension  is  due  to 
the  pituitary ;  he  argued  that  the  presence  of  this  pressor  substance 
in  the  blood  and  cerebrospinal  fluid  should  be  first  established,  and 
that  the  symptoms  of  Cushing’s  syndrome  are  not  common  in  hyper¬ 
tension.  An  increased  number  of  red  blood  corpuscles  appears  from 
the  analysis  made  by  Russell,  Evans,  and  Crooke  to  be  infrequent. 

Osteoporosis  and  decalcification  of  the  skeleton,  which  may  give 
rise  to  fractures,  have  tentatively  been  ascribed  to  hyperparathyroid¬ 
ism  (Cushing,  1932) ;  but  evidence  of  changes  in  the  parathyroids  is 
admittedly  very  scanty.  A  moderate  degree  of  cholesterolaemia  is 
common,  and  has  been  associated  with  the  arteriosclerosis.  The  basal 
metabolic  rate  was  definitely  raised  in  4  cases,  more  prominently 
depressed  in  one,  and  about  normal  in  4  of  Cushing’s  cases  (1933). 
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Prognosis.  The  average  duration  of  the  cases  has  been  estimated 
at  5  years  (Cushing,  1932).  The  outlook  is  always  grave,  for  these 
patients  have  a  poor  resistance  to  infections.  On  the  other  hand 
Cushing’s  patient,  already  mentioned,  was  alive  with  the  symptoms 
in  abeyance  22  years  after  a  cerebral  decompression  was  performed, 
and  the  adenoma  in  Lawrence  and  Zimmerman’s  case  was  described 
by  Cushing  as  ‘  burned  out  and  inactive  ’.  In  1935  I  saw  in  Professor 

G.  Maranon’s  clinic  at  Madrid  a  woman,  aged  43,  who  had  had 
symptoms  for  17  years. 

Diagnosis.  The  clinical  distinction  between  pituitary  basophilism 
and  the  adreno -genital  syndrome  is  very  difficult  if  indeed  there  is 
any.  The  symptoms  may  be  identical,  for  example  in  cases  of  cortical 
carcinoma  of  the  adrenal  with  the  clinical  picture  of  Cushing’s 
syndrome  (Launois,  Pinard,  and  Gallais,  1911  ;  Frank,  1934;  Hare, 
Ross,  and  Crooke,  1935).  It  is  possible  that  they  are  both  results  of 
disturbance  of  normal  endocrine  balance  due  to  disorder  of  different 
endocrine  organs  ( vide  p.  369). 

Treatment.  Benefit  has  been  reported  from  deep  X-ray  exposures 
of  the  pituitary  (Cushing,  1932  ;  Lawrence,  1934  ;  Jamin,  1934) ;  but 
del  Costello  (1934)  reported  failure.  Kepler  and  his  colleagues  (1934) 
recommended  excision  of  parts  of  the  adrenals,  followed  later  by 
irradiation  of  the  pituitary. 

Anderson,  J.,  Glasgow  Med.  Journ.,  1915,  n.s.  lxxxiii.  178;  Berblinger,  W., 
Handbuch  der  inneren  Sekretion,  Leipz.,  1932,  Bd.  i,  p.  909;  Bishop,  P.  M.  F., 
and  Close,  H.  G.,  Guy's  Hosp.  Rep.,  Lond.,  1932,lxxxii.  143 ;  Calder,  R.  M.,  and 
Porro,  F.W .,  Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1935,  lvii.99;  Close,  H.G., 
Brit.  Med.  Journ.,  1935,  i.  356;  Costello,  del,  Accion  med.,  Buenos  Ayres, 
1934,  iv.  135;  Costello,  R.  T.,  Proc.  Staff  Meetings,  Mayo  Clinic,  1935,  x.  449; 
Craig,  J.,  and  Cran,  B.,  Quart.  Journ.  Med.,  Oxford,  1934,  N.s.iii.  57  ;  Cushing, 

H. ,  The  Pituitary  Body  and  its  Disorders,  Phila.,  1912,  p.  217  ;  idem,  Studies  in 
Intracranial  Physiology  and  Surgery  {The  Cameron  Prize  Lectures,  1925),  Oxford 
Univ.  Press,  1926;  idem,  Bull.  Johns  Hopkins  Hosp.,  Baltimore,  (1)  1932, 

I.  137,  and  (2)  Papers  relating  to  the  Pituitary,  Hypothalamus,  and  the  Para¬ 
sympathetic  Nervous  System,  Springfield,  1932,  p.  113;  idem,  Arch.  Int.  Med., 
Chicago,  1933,  li.  487;  idem,  Am.  Journ.  Path.,  Boston,  1933,  ix.  539; 
idem,  ibid.,  1934,  x.  145;  Dott,  N.  M.,  and  Bailey,  P.,  Brit.  Journ.  Surg., 
Bristol,  1925,  xiii.  314;  Erdheim,  J.,  Beitr.  z.  path.  Anat.  u.  z.  ally.  Path., 
Jena,  1903,  xxxiii.  537;  Fishberg,  A.  M.,  Hypertension  and  Nephritis,  Lond., 
1934,  p.  519;  Frank,  R.  T.,  Proc.  Soc.  Exper.  Biol,  and  Med.,  N.Y.,  1934,  xxxi. 
1204;  Guthrie,  L.,  Lancet,  1913,  ii.  823;  Hare,  D.,  Ross,  J.  M.,  and  Crooke, 
A.  C.,  Lancet,  1935,  ii.  118;  Jamin,  F.,  Munchen.  med.  Wchnschr.,  1934,  lxxxi. 
1045;  Kepler,  E.  J.,  Proc.  Staff  Meetings  Mayo  Clinic,  1933,  viii.  102; 
Kepler,  Kennedy,  Davis,  Walters,  and  Wilder,  ibid.,  1934,  ix.  169; 
Kraus,  E.  J.,  Med.  Klinik,  Berlin,  1928,  xxiv.  623;  Launois,  Pinard,  et 
Gallais,  Gaz.  cl.  hop.,  Paris,  1911,  lxxxiv.  647;  Lawrence,  J.  H.,  and 
Zimmerman,  H.  M.,  Arch.  Int.  Med.,  Chicago,  1935,  lv.  745;  Lawrence, 
R.  D.,  Proc.  Roy.  Soc.  Med.,  Lond.,  1934,  xxvii.  275;  Lescher,  F.  G.,  and  Robb- 
Smith,  A.  H.  T.,  Quart.  Journ.  Med.,  Oxford,  1935,  n.s.,  iv.  23;  Leyton,  O., 
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Turnbull,  H.  M.,  and  Bratton,  A.  B.,  Journ.  Path,  and  Bacteriol.,  Edin., 
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Tumours 

Before  Marie’s  account  of  acromegaly  in  1886  pituitary  tumours 
were  curiosities  and  mainly  of  pathological  interest ;  after  that  date 
and  until  the  beginning  of  this  century  attention  was  focused  on  the 
clinical  associations  of  gigantism  and  acromegaly.  Babinski’s  (1900) 
and  Frohlich's  (1901)  descriptions  of  adiposo-genital  dystrophy  and 
Cushing’s  epoch-making  work  The  Pituitary  Body  and  its  Disorders 
(1912)  greatly  widened  the  clinical  interest  of  endocrine  diseases.  It 
has  been  estimated  that  80  per  cent,  of  pituitary  growths  are  solid 
and  20  per  cent,  cystic. 

Cysts.  Apart  from  the  cystic  cranio-pharyngiomas,  cysts  may 
occur  in  the  substance  of  the  anterior  pituitary,  as  the  result  of 
infarction  (Simmonds,  1918)  or  of  degeneration  in  adenomas  (Cush¬ 
ing,  1912).  Small  cysts  may  arise  from  the  acini  of  the  pars  inter¬ 
media  ;  histologically  these  sero-mucous  cysts  resemble  the  salivary 
glands  or  thyroid,  their  origin  from  the  buccal  evagination  being  thus 
recalled  (Oberling,  1924).  Cysts  may  also  occur  in  the  infundibular 
region,  as  the  result  of  retention,  due  to  external  pressure,  of  secre¬ 
tion  in  the  infundibulum.  Rupture  of  these  cysts  has  been  thought 
to  explain  the  spontaneous  and  sudden  disappearance  of  symptoms 
ascribed  to  pituitary  tumour  (Wood,  1906). 

Pituitary  adenomas  are  comparatively  common  and  have  been 
estimated  to  form  18  per  cent,  of  all  intracranial  tumours  (Cushing, 
1 932 ) .  They  were  spoken  of  as  ‘  pituitary’  goitres  by  Shattock  ( 1 898 ) . 
As  the  result  of  routine  examination  adenomas,  often  microscopic, 
have  been  found  in  from  10  to  20  per  cent,  of  all  pituitary  glands. 
They  occur  equally  in  the  two  sexes,  with  greatest  frequency  in  the 
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sixth  decade  of  life,  in  most  cases  without  any  clinical  signs  of 
pituitary  disorder,  and  have  been  regarded  as  often  merely  ‘evi¬ 
dence  of  old  age’  (Costello,  1935). 

Erdheim  and  Stumme  ( 1909)  and  Roussy  and  Oberling  (1933)  found 
them  in  10  per  cent.;  Close  (1934)  in  10  per  cent,  of  280  glands, 
Susman  (1933)  in  8  per  cent,  of  260  glands,  and  Costello  in  225,  or 
22-5  per  cent,  of  1,000  pituitaries.  More  than  one  adenoma  may  be 
found  in  a  gland,  thus  in  Costello’s  225  cases  there  were  265  adenomas. 

Innocent  adenomas  are  thus  very  common,  whereas  malignant 
tumours  are  less  often  reported  now  than  in  the  past ;  Atkinson 
collected  up  to  1930  no  less  than  61  cases  of  malignant  disease  of  the 
pituitary  in  acromegaly ;  whereas  among  162  pituitary  tumours  3 
only  were  carcinomatous  (Dott  and  Bailey,  1925),  and  Cushing  in 
1933  stated  that  a  few,  possibly  2  per  cent.,  of  his  385  pituitary 
adenomas  were  called  adeno-carcinoma  in  the  pathological  reports, 
but  that  the  prolonged  survival  of  the  patients,  in  spite  of  incomplete 
removal,  belied  the  diagnosis  of  malignancy.  Benda  in  1901  by 
emphasizing  the  significance  of  the  staining  of  the  granules  in  the 
cells  led  to  the  recognition  of  adenomas  of  the  anterior  pituitary, 
which  formerly  were  regarded  as  sarcomas. 

Adenomas  were  classified  by  Creutzfeldt  (1909),  and  by  Courtelle- 
mont  (1911)  who  recognized  those  composed  of  (a)  eosinophil  cells 
and  ( b )  of  chromophobe  cells.  In  1911  Roussy  and  Clunet,  after  five 
years’  investigation,  divided  adenomas  of  the  anterior  lobe  into  those 
composed  of  (i)  clear,  chromophobe  cells,  and  (ii)  darkly  staining, 
chromophil  cells;  the  latter  being  either  (a)  oxyphil  or  eosinophil 
or  (6)  basophil.  Subsequently,  as  many  of  the  chromophobe  adeno¬ 
mas  are  composed  of  cells  with  protoplasm  staining  deeply,  it  was 
proposed  to  substitute  for  the  adjective  ‘  chromophobe  ’  that  of  ‘  agra¬ 
nulocytic’  (Roussy  and  Oberling,  1933),  so  as  to  obviate  confusion. 

Following  Roussy,  Cushing,  and  their  collaborators,  the  main 
divisions  of  adenomas  of  the  anterior  lobe  are  those  composed  of: 

(a)  Non-granular,  chromophobe  or  ‘chief’  cells — agranulocytic  or 
chromophobe  adenomas.  This  is  much  the  commonest  pituitary 
adenoma,  as  shown  by  the  following  figures:  among  385  verified 
adenomas  of  the  anterior  lobe  of  the  pituitary  examined  in  Cushing’s 
Clinic  (1933)  there  were  277  chromophobe-celled,  107  eosinophil- 
celled,  and  1  basophil-celled  adenomas  ;  in  1927  Cushing  regarded  the 
chromophobe  adenomas  as  probably  as  frequent  as  thyroid  goitres. 
Among  the  265  adenomas  in  Costello’s  series  140,  or  53  per  cent.,  were 
of  this  nature. 

They  may  be  intrasellar  or  suprasellar  and  reach  a  large  size,  and 
produce  symptoms  by  (i)  pressure  or  invasion  of  the  adjacent  tuber 
cinereum,  hypothalamus,  optic  chiasma,  or  (ii)  pressure  on  the  rest 
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of  the  pituitary  causing  hypopituitarism  ( vide  p.  76).  As  far  as  is 
known,  symptoms  suggesting  an  increased  secretion  of  a  hormone 
do  not  occur ;  but  Close  (1934)  suggested  that  this  form  of  adenoma 
is  closely  associated  with  prostatic  adenoma  and  with  cancer,  and 
Cramer  and  Horning  (1936)  support  this.  Their  histological  structure 
varies. 

(b)  Granular  or  chromophil-celled  adenomas.  These  adenomas, 
which  give  rise  to  hyperpituitarism,  fall  into  the  two  entirely  distinct 
groups  of  the  (i)  eosinophil-,  acidophil-,  or  oxyphil-celled  adenomas 
which  may  grow  to  a  considerable  size  and  thus  may  also  give  rise 
mechanically  to  symptoms  from  compression  of  the  optic  pathway  and 
the  base  of  the  brain.  Among  Costello’s  1,000  glands,  20  contained 
adenomas  of  this  form.  Histologically  the  cells  are  large  and  poly¬ 
gonal,  many  multinuclear,  some  crowded  with  granules,  others 
vacuolated  and  empty  suggesting  that  the  granules  have  been  dis¬ 
charged  (Roussy  and  Oberling,  1933).  These  adenomas  are  corre¬ 
lated  with  giant  growth  in  adolescence  and  acromegaly  in  adult  life, 
(ii)  Basophil-celled  adenomas,  formerly  regarded  as  rare,  are  usually 
small.  First  described  in  1903  by  Erdheim,  they  were  regarded  as 
pathological  curiosities,  until  in  1932  Cushing  described  the  clinical 
manifestations  of  pituitary  basophilism,  now  more  commonly  known 
as  Cushing’s  syndrome.  Among  260  pituitaries,  however,  Susman 
(1935)  found  basophil  adenomas  more  frequently  than  the  other 
forms.  In  Costello’s  (1935)  series  they  occurred  in  72  out  of  1,000 
glands  or  next  in  frequency  to  chromophobe  adenomas.  The  in¬ 
creased  incidence  of  basophil  adenomas  is  probably  due  to  more 
successful  histological  technique. 

Further  forms  have  been  described  ;  in  1925  Dott  and  Bailey  gave 
an  account  of  two  histological  forms  of  chromophobe-celled  adenomas : 
(a)  trabecular  and  very  vascular,  and  ( b )  alveolar  with  small  cells, 
lymphoid-like  in  appearance  and  resembling  the  principal  cells  of  the 
hypophysis.  They  also  described  mixed  adenomas  composed  of 
chromophobe  cells  with  some  eosinophil  cells,  and  clinically  a 
‘fugitive  acromegaly  ’  followed  by  hypopituitarism  (Bailey  and  Cush¬ 
ing,  1928).  The  transitional-celled  adenomas  described  by  Kraus 
(1926)  are  composed  of  cells  resembling  chromophil  cells  but  with 
few  or  no  granules.  Roussy  and  Oberling  (1933)  would  restrict  the 
term  ‘  mixed-celled  adenomas  ’  to  those  in  which  the  non-granular 
cells  greatly  outnumber  the  granular,  and  would  employ  the  name 
intermediate  or  transitional-celled  adenomas  to  those  composed  of 
cells  like  those  normally  present  in  the  anterior  lobe.  Adenomas 
composed  of  a  mixture  of  eosinophil  and  basophil  cells  do  not  occur. 

Tumours  of  the  Pars  Intermedia,  Rathke’s  Cleft  Tumours, 
F oetal  Adenomas .  Tumours  of  the  pars  intermedia,  with  a  structure 
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resembling  that  of  the  thyroid,  were  recorded  by  Boyce  and  Beadles 
(1893),  Erdheim  (1904),  Crowe  (1910),  Ronssy  and  Clunet  (1911); 
Kraus  (1926)  described  foetal  or  indifferent -celled  adenomas  com¬ 
posed  of  cylindrical  cells  suggesting  an  origin  from  the  remains  of  the 
embryonic  pituitary.  Frazier  (1934)  described  these  cysts  or  tumours 
of  Rathke's  cleft,  characterized  by  a  lining  of  ciliated  columnar 
epithelium,  either  supra-  or  intra-sellar  in  position,  arising  from  the 
remnant  of  Rathke’s  cleft  between  the  anterior  and  posterior  lobes 
of  the  pituitary,  and  insisted  that  they  should  be  distinguished  from 
tumours  of  Rathke's  pouch. 

Shapiro  (1931)  described  a  foetal  adenoma  with  long,  slender, 
columnar  cells  resembling  those  of  the  foetal  hypophysis  at  the  third 
month.  Riecker  and  Curtis  ( 1932)  reported  a  malignant  adenoma  with 
the  clinical  picture  of  Simmonds’s  disease. 

Tumours  of  the  Pars  Tuberalis.  Atwell  (1926)  suggested  that 
some  of  the  tumours  described  by  Erdheim  (1904)  as  arising  from 
‘rests'  of  the  embryonic  cranio-pharyngeal  duct  are  tumours  of  the 
pars  tuberalis. 

Adenomas  composed  of  pregnancy  cells  which  are  large  and 
without  granules  (Poindecker,  1913)  were  found  in  5  out  of  41 
pituitary  adenomas  examined  by  Roussy  and  Oberling  (1933). 

Primary  malignant  growth  was  formerly  considered  to  be  com¬ 
paratively  common ;  Rokitansky  (1850)  considered  that  this  was  the 
commonest  disease  of  the  pituitary,  but,  as  already  pointed  out, 
malignant  adenoma  appears  to  be  very  rare. 

Secondary  Changes  in  Pituitary  Tumours.  Haemorrhages  may 
occur  and  also  areas  of  necrosis  and  collections  of  crystals  of  fatty 
acids  or  cholesterol  (Roussy  and  Oberling,  1933),  leading  to  cysts. 

Primary  tumours  of  the  posterior  lobe  have  been  described ; 
but  Bailey  (1932)  had  never  seen  one,  and  after  examination  of  the 
original  accounts  did  not  accept  those  reported.  Ependymal  cysts 
lined  by  ciliated  epithelium  in  the  infundibulum  have  been  regarded 
as  the  remains  of  the  foetal  infundibular  cavity. 

Choristomas  (a  new  growth  derived  from  a  displaced  anlage). 
In  1922  Simonds  described  this  condition  and  in  1925,  with  Brandes, 
reviewed  the  subject.  Sternberg  (1921)  called  these  microscopic 
nodules  of  abnormally  developed  and  swollen  cells,  in  the  posterior 
lateral  quadrant  of  the  posterior  lobe,  choristomas;  Priesel  (1922) 
reported  29  examples  and  called  them  progonoblastomas,  a  term 
employed  by  Mathias  (1922)  for  tumours  arising  in  atavistic  struc¬ 
tures.  Sternberg  and  Priesel  regarded  them  as  tumours ;  Simonds 
and  Brandes,  however,  concluded  that  they  are  probably  not  definite 
new  growths  but  altered  glial  cells. 

Hale  White  (1885)  recorded  a  myo-neuroma  of  the  pituitary,  com- 

I 


4  THE  PITUITARY 

posed  mainly  of  striated  muscular  fibres  with  some  medullated  nerve 
fibres  and  ganglion  cells.  It  was  not  stated  from  which  lobe  it  arose. 


Secondary  growths  in  the  pituitary  are  not  very  rare.  Willis 
(1934)  collected  a  number  of  cases  and  found  that  they  were  nearly 
all  m  the  posterior  lobe.  The  symptoms  have  generally  been  those  of 
diabetes  insipidus,  and  may  be  regarded  as  due  to  disturbance  of  the 
adjacent  tuber  cinereum. 


Among  80  cases  of  carcinoma  primary  in  various  organs  of  the  body 
Wyeth  (1934)  found  5  metastases,  or  6-2  per  cent.,  and,  like  Simmonds 
(1914),  relatively  frequent  in  mammary  carcinoma.  Direct  invasion  of 
the  pituitary  by  growths  at  the  base  of  the  skull  also  occurs,  for 
example  in  metastases  from  mammary  carcinoma. 
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Cranio -pharyngiomas.  Synonyms:  Hypophysial  Duct 
Tumours;  Rathke’s  Pouch  Tumours 

New  growths  of  various  kinds  have  been  described  as  arising  from 
the  remains  of  the  buccal  evagination  (Rathke’s  pouch,  embryonic 
cranio-pharyngeal  duct).  Erdheim  (1904)  established  the  nature  of 
these  tumours  which  had  previously  been  recorded  under  various 
titles. 

Dean  Lewis  (1910)  collected  29  cases,  including  1  reported  by  Wagner 
in  186 l,and  2  by  Langerin  1892.  Reference  may  also  be  made  to  a  cystic 
tumour  reported  by  Bowlby  (1855-1929)  in  1885,  which  ‘originated 
partly  from  the  epiblastic  and  partly  from  the  hypoblastic  elements 
which  unite  in  the  situation  of  the  pituitary’.  Beadles  (1867-1933) 
recorded  a  tumour,  the  size  of  an  orange,  occupying  a  greatly  hollowed- 
out  sella  turcica,  lifting  up  the  pituitary,  and  containing  a  small  area 
of  hyaline  cartilage  in  tissue  described  as  an  alveolar  spindle -celled 
sarcoma.  In  reporting  on  it  in  1895Hebb  (1848-1918)  and  Shattock  con¬ 
sidered  ‘  it  possible  that  the  growth  is  a  teratoma  arising  within  the 
cranial  cavity  in  connexion  with  some  residue  of  the  pharyngeal 
diverticulum’.  Saxer  (1902)  reported  a  tumour  composed  of  squamous 
epithelium. 

According  to  Erdheim  (1904)  they  are  usually  squamous-celled 
but  sometimes  basal-celled  or  teratoid  tumours.  Duffy  in  1920 
collected  55  cases,  including  3  which  he  described ;  in  1930  Cushing 
brought  the  number  of  those  which  had  been  confirmed  histologically 
up  to  80,  and  insisted  on  the  variations  of  their  position,  intrasellar 
or  suprasellar  ;  in  size,  from  a  pea  to  that  of  a  tennis  ball;  microscopical 
characters ;  age  at  which  they  cause  symptoms ;  and  the  difficult 
surgical  problems  attendant  on  their  removal.  They  usually  arise  at 
the  junction  of  the  infundibulum  with  (i)  the  pituitary  or  (ii)  the 
tuber  cinereum,  tumours  in  the  latter  position  being  prone  to  pro¬ 
duce  hydrocephalus  and  choked  disk  (Frazier,  1934). 

The  growths  may  be  of  the  following  character:  (1)  Innocent 
epithelial  cysts :  lined  by  (a)  ciliated  columnar  cells,  some  of  which  are 
typical  goblet  cells,  the  contents  being  mucous  fluid  (Bailey,  1932) ; 
( b )  squamous  cells  forming  intracystic  papillae  (Ewing,  1928).  (2) 

Squamous-celled  tumours,  solid  at  first,  which  rapidly  degenerate 
and  become  cystic  and  contain  much  cholesterol,  so  that  they  may 
easily  be  regarded  as  cholesteatomas  (Bailey),  first  described  by 
Cruveilhier  (1791-1873)  in  1829  as  tumeurs  perlees.  Osier  (1887) 
reported  a  case  probably  of  this  nature,  and  Weber,  Worster- 
Drought,  and  Carnegie  Dickson  (1934)  described  a  cholesteatoma 
‘arising  from  the  hypophysial  duct  rather  than  from  the  ciliated 
epithelium  of  Rathke’s  pouch’.  Erdheim  (1926)  drew  a  sharp  dis¬ 
tinction  between  cranio-pharyngiomas  and  the  cholesteatomas  due 
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to  embryonic  inclusions.  Harbitz  (1935),  however,  contested  such  a 
dogmatic  separation  between  these  genetically  related  tumours,  for 
though  some  of  them  are  ‘  dermoid  ’  cysts,  in  others,  perhaps  in  the 
majority,  the  walls  of  the  cyst  are  composed  solely  of  squamous  cells, 
and  these  ‘epidermoids’  are  therefore  identical  with  the  Rathke 
pouch  tumours.  Chordomas  derived  from  the  notochord  have  an 
entirely  different  microscopical  structure,  but  those  arising  at  the 
base  of  the  brain  have  been  confused  with  the  cranio-pharyngiomas. 
The  three  tumours  chordomas,  adamantinomas,  and  cranio-pharyn¬ 
giomas — are  all  benign  growths  showing  a  transition  of  malignancy 
(Harbitz,  1935). 

(3)  Adamantinomas  or  ameloblastomas  (Frazier  and  Alpers,  1931) 
resemble  the  embryonic  enamel  organ  and  the  adamantine  tumours 
of  the  jaw.  This  was  pointed  out  in  1892  by  Onanoff,  but  forgotten 
until  mentioned  by  Critchley  and  Ironside  (1926).  They  arise  near 
the  infundibulum,  may  be  suprasellar  in  position,  and  cystic  or  solid, 
innocent  or  malignant.  Calcification  or  bone-formation  may  occur  in 
them  and  so  render  them  radiologically  visible  as  suprasellar  ojiaci- 
ties.  They  have  been  regarded  as  teratomas  or  teratomatous  tumours  ; 
Ewing  (1928)  called  them  ’autochthonous  teratoids’.  They  are  the 
commonest  form  of  cranio-pharyngiomas,  and  were  described  by 
MacCallum  (1932)  as  ‘benign  tumours  behaving  as  destructive 
growths,  largely  from  the  position  they  occupy’.  They  chiefly  be¬ 
come  clinically  obvious  about  the  time  of  puberty  or  early  adolescence. 

(4)  Malignant  forms:  carcinomas,  which  Ewing  regarded  as  the 
more  frequent,  or  spindle-celled  growths. 

The  clinical  effects  of  cranio-pharyngiomas  are  due  to  compres¬ 
sion  of  adjacent  parts,  the  pituitary,  the  base  of  the  brain,  and  optic 
chiasma.  Frohlich’s  syndrome  (adiposo-genital  dystrophy)  is  usually 
due  to  this  cause  ;  but  the  symptoms  vary  and  there  may  be  emacia¬ 
tion  (Cushing,  1930),  as  in  Simmonds’s  disease,  when  the  anterior 
lobe  is  much  compressed. 

Barker,  L.  F.,  Canad.  Med.  Assoc.  Journ.,  1933,  xxix.  177;  Bailey,  P., 
Cytology  and  Cellular  Pathology  of  the  Nervous  System  (W.  Penfield),  N.Y.,  1932,' 
in.  1139;  Beadles,  C.  F.,  Trans.  Path.  Soc.  Lond.,  1895,  xlvi.  180;  Bowlby' 
A.  A.,  ibid.,  1885,  xxvi.  35;  Carmichael,  H.  T.,  Arch.  Neurol,  and  Psychiat’., 
Chicago,  1931,  xxix.  966;  Critchley,  M.,  and  Ironside,  R.  N.,  Brain,  Lond.. 
1926,  xlix.  437 ;  Cruveilhier,  J.,  Anat.  path,  du  corps  humain,  Paris,  1829-35, 
tome  1,  livr.  2,  p.  2;  Cushing,  H.,  Papers  relating  to  the  Pituitary  Body,  Hypo¬ 
thalamus  and  Parasympathetic  Nervous  System,  Springfield,  1932,  p.  51  ;  Duffy, 
W.  C.,  Ann.  Surg.,  N.Y.,  1920,  lxxii.  537 ;  Erdheim,  J.,  Sitzungsb.  d.  k.  Akad. 
d.  Wissensch.,  Math.-naturw.  KL,  Wien,  1904,  cxiii.  537;  idem,  Ergebn.  d.  allg. 
Path.  u.  path.  Anat.,  Wiesb.,  1926,  xxi.  482;  Ewing,  J.,  Neoplastic  Diseases, 
Phila.,  1928,  p.  990;  Frazier,  C.  H.,  Trans.  Coll.  Phys.  Phila.,  1934,  4  s.,  ii. 
243;  Frazier,  C.  H.,  and  Alpers,  B.  J.,  Arch.  Neurol,  and  Psychiat.,  Chicago, 
1931,  xxvi.  905;  Harbitz,  F.,  Acta  Path,  et  Microbiol.  Scandinav.,  Kobenhavn’ 
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1935,  xii.  38 ;  Hebb,  R.  G.,  and  Shattock,  S.  G.,  Trans.  Path.  Soc.  Lond.,  1895, 
xlvi.  184;  Langee,  F.,  Ztschr.  f.  Heilk.,  Berlin,  1892,  xiii.  57;  Lewis,  D.  D., 
Journ.  Am.  Med.  Assoc.,  Chicago,  1910,  lv.  1002  ;  MacCallum,  W.  G.,  Text-hook 
of  Pathology,  1932,  p.  1054;  Onanoff,  J.,  These  de  Paris,  1891-2,  No.  219; 
Osler,  W.,  Journ.  Nerv.  and  Ment.  Disease,  N.Y.,  1887,  xiv.  657 ;  Saxer,  F., 
Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  Jena,  1902,  xxxii.  276;  Weber,  F.  P., 
Worster-Drought,  C.,  and  Dickson,  W.  E.  C.,  Proc.  Med.  Soc.  Lond.,  1934, 
lvii.  129. 

HYPOPITUITARISM 

Pituitary  Infantilism  and  Dwarfism 

Hastings  Gilford  (1902)  in  an  article  on  ateleiosis  (areXeiooTos  = 
incomplete),  which  covered  several  forms  of  infantilism,  included 
some  cases  which  have  since  been  called  pituitary  ateleiosis,  and 
quoted  Jonathan  Hutchinson  (1828-1913)  to  the  effect  that  ateleiosis 
‘  will  probably  be  found  to  be  due  to  some  disorder  of  the  pituitary  ’ . 
In  1908  Ettore  Levi  of  Florence  correlated  Lorain’s  type,  previously 
ascribed  to  malnutrition  and  hereditary  influences,  tuberculous  and 
syphilitic,  with  pituitary  disease,  hence  the  occasionally  used  eponym 
Lorain-Levi's  infantilism.  Burnier  (1911 )  described  pituitary  nanism 
(va vos  =  a  dwarf),  and  Erdheim  (1916)  employed  the  name  nano- 
somia  pituitaria  for  the  markedly  dwarfed  cases.  In  1913  Lerebonllet, 
Faure-Beaulieu,  and  Vaucher  reported  a  case  of  diabetes  insipidus 
and  infantilism,  probably  of  pituitary  origin,  and  in  the  same  year 
Souques  and  Chauvet  with  some  apology  pleaded  for  the  recognition 
of  pituitary  as  well  as  of  thyroid  infantilism  which  was  then  the  form 
mainly  accepted ;  they  referred  to  the  name  £  microsomia  ’  applied  to 
this  form,  and  considered  that  it  was  due  to  deficiency  of  the  growth 
hormone  of  the  anterior  pituitary.  Apert  (1933)  described  three 
forms  of  pituitary  infantilism,  namely,  acromegalic  infantilo-gigan- 
tism,  adiposo-genital  dystrophy,  and  the  true  pituitary  form.  The 
last  is  included  here  under  the  heading  of  pituitary  infantilism,  a 
very  careful  study  of  which  was  made  by  Shelton,  Cavanagh,  and 
Evans  (1934).  The  subjects  are  dwarfs,  rarely  mentally  retarded, 
not  specially  fat,  indeed  they  may  be  thin ;  the  genital  system  re¬ 
mains  undeveloped.  In  early  life  they  appear  simply  small  for  their 
age,  but  later  their  facial  appearance  becomes  unnaturally  mature 
and  later  wizened  and  old.  Definite  radiological  evidence  of  pituitary 
change,  such  as  a  small  sella  turcica  or  complete  bridging  of  the 
clinoid  processes,  is  rare,  and  its  absence,  Shelton  and  his  colleagues 
point  out,  does  not  exclude  pituitary  infantilism.  The  union  of  the 
epiphyses  is  delayed  for  many  years,  but  it  had  taken  place  in 
Priesel’s  remarkable  patient  who  lived  to  be  91  years  of  age.  Pitui¬ 
tary  dwarfism  may  run  in  families:  H.  Zondek  (1935)  described  two 
such  families ;  these  dwarfs  may  also  show  symptoms  of  hypothy- 
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roidism,  which  can  be  explained  by  inadequacy  of  the  pituitary 
thyrotropic  hormone.  Few  cases  of  pituitary  infantilism  and  dwarfism 
have  been  examined  after  death,  so  that  the  morbid  conditions  essen¬ 
tially  responsible  for  the  clinical  picture  are  not  finally  settled. 
Barker  (1933)  collected  4  cases  examined  after  death  (Erdheim, 
1916;  Priesel,  1920;  Altmann,  1930;  Berblinger,  1932)  in  which  the 
lesion  was  a  cranio-pharyngioma.  This  shows  the  close  relation  to 
adiposo-genital  dystrophy  (vide  p.  123). 

Treatment.  Hypodermic  injections  of  a  growth-stimulating 
fraction  of  the  anterior  pituitary  has  given  good  results  (Falta  and 
Hogler,  1930;  Engelbach,  Schaefer,  and  Brosius,  1933;  Shelton, 
Cavanagh,  and  Evans,  1934;  Goldberg,  1934).  Exposures  to  X-rays 
have  been  reported  as  beneficial  (Roussy,  Bollach,  and  Pages,  1932). 

Delayed  Pituitary  Infantilism.  In  1906  Gandy  described  two 
cases  in  adult  males  with  acquired  myxoedema,  infantilism,  dysthy- 
roklism,  and  dysorchidism.  But  in  the  light  of  subsequent  know¬ 
ledge  the  condition  appears  to  have  been  probably  hypopituitarism 
due  to  a  chromophobe  tumour. 

Apert,  E.,  Infantilism,  translated  by  R.  W.  B.  Ellis,  1933;  Barker,  L., 
Endocrinol.,  Los  Angeles,  1933,  xvii.  647  ;  Berblinger,  W.,  Beitr.  z.  path.  Anat. 
u.  z.  allg.  Path.,  Jena,  1931,  lxxxvii.  233;  Burnier,  H.,  Presse  med.,  Paris,  1911, 
xix.  973;  Ann.  Ophthal.,  St.  Louis,  1912,  xxi.  263;  Engelbach,  Schaefer, 
and  Brosius,  Endocrinol.,  Los  Angeles,  1933,  xvii.  250;  Erdheim,  J.,  Beitr.  z. 
path.  Anat.  u.  z.  allg.  Path.,  Jena,  1916,  lxii.  302 ;  Falta,  W.,  und  Hogler,  F., 
Klin.  W chnschr .,  1930,  ix.  1807 ;  Gandy,  C.,  Bull,  et  mem.  Soc.  med.  d.  hop.  de 
Paris,  1906,  3  s.,  xxiii.  1226;  Gilford,  H.,  Med.-Chir.  Trans.,  Lond.,  1902, 
lxxxv.  305;  Goldberg,  M.,  Endocrinol.,  Los  Angeles,  1934,  xviii.  233;  Lere- 
boullet,  P.,  Eaure -Beaulieu,  M.,  et  Vaucher,  E.,  Nouv.  iconogr.  de  la 
Salpetr.,  Paris,  1913,  xxvi.  410;  Levi,  E.,  ibid.,  1908,  xxi.  297,  421 ;  Lorain,  P., 
Lettre  preface  d  la  these  de  Fanceau  de  la  Cour,  Paris,  1871 ;  Priesel,  A.,  Beitr. 
z.path.  Anat.  u.  z.  allg.  Path.,  Jena,  1919,  lxvii.  220;  Roussy,  G.,  Bollach,  J.,et 
Pages,  R.,  Rev.  neurol.,  Paris,  1932,  i.  491 ;  Shelton,  E.  K.,  Cavanagh,  L.  A.,  and 
Evans,  H.  M.,  Am.  Journ.  Dis.  Child.,  Chicago,  1934,  xlvii.  719;  Souques, 
A.,  et  Chauvet,  S.,  Nouv.  iconogr.  de  la  Salpetr.,  Paris,  1913,  xxvi.  69 ;  Zondek, 
H.,  Diseases  of  the  Endocrine  Glands,  Lond.,  1935,  p.  334. 

Progeria.  Synonym:  Hutchinson- Gilford  Syndrome  (Cushing) 

History.  In  1886  Jonathan  Hutchinson  described  a  case  of  ‘Con¬ 
genital  Absence  of  Hair  and  Mammary  Glands,  with  an  atrophic 
Condition  of  the  Skin  and  its  Appendages,  in  a  Boy  ’.  Ten  years  later 
Hastings  Gilford  in  a  paper  £  On  a  Condition  of  Mixed  Premature  and 
Immature  Development’,  which  in  1904  he  called  progeria  (7 rpoyrjpos 
—  prematurely  old),  described  the  same  morbid  state. 

His  patient,  a  boy  aged  17  years,  died  of  senile  decay,  and  as  the 
condition  was  almost  the  exact  opposite  of  acromegaly  the  name 
micromegaly  was,  with  some  apology  for  its  Hibernian  flavour,  sug¬ 
gested,  and  the  pituitary  was  thought  to  be  responsible.  The  onset 
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appears  to  have  been  somewhat  indefinite,  but  occurred  after  the  age 
of  6  months.  Gilford  also  mentioned  a  less  characteristic  case,  in  which 
the  onset  at  the  age  of  9  years  brings  it  more  into  line  with  the  condition 
of  pituitary  cachexia  described  by  Simmonds  in  1914. 

Gilford  in  1911  referred  to  Browning’s  description  of  Hopkin 
Hopkins,  who  died  in  1754  at  the  age  of  17  years,  of  ‘  mere  old  age  and 
a  gradual  decay  of  nature’.  This  ‘little  Welchman’  had  been  shown 
publicly  for  some  years,  had  experienced  ‘all  the  miseries  and  calami¬ 
ties  of  old  age  ’,  was  2  feet  7  inches  in  height,  had  never  weighed  more 
than  18  lb.,  and  for  the  last  three  years  of  his  life  more  than  12  lb.  He 
had  been  frail  but  fairly  healthy  till  the  age  of  7  years,  after  which 
the  symptoms  came  on.  Gilford  also  quoted  a  case  in  the  practice  of 
Randall  of  St.  Louis  (1896).  The  condition  was  independently  de¬ 
scribed  in  1910  by  Variot  and  Pironneau  as  the  senile  form  of  nanism 
(dwarfism),  and  by  a  rather  rapid  process  of  elimination  adrenal 
defect  was  very  tentatively  suggested ;  in  the  discussion  Apert 
pointed  out  that  the  clinical  picture  was  the  reverse  of  that  associated 
with  primary  tumours  of  the  adrenal  cortex. 

Cases  have  also  been  recorded  by  Rand  (1914)  in  a  girl  aged  8  years, 
by  Orrico  (1918),  by  Nasso  (1925)  in  a  girl  aged  4J  years  who  had 
been  well  until  the  age  of  12  months,  by  Apert  and  Robin  (1927)  in 
a  boy  aged  13  years,  by  Waldorp,  and  del  Castillo  (1928 )  under  the  title 
‘ infantilisme  gero-dystrophique  ’,  and  by  Broc,  Nicolle,  and  de  Beau- 
jeu  (1935).  To  its  cutaneous  features  Bardisian  in  1930  applied  the 
rather  formidable  title  ‘genito-dystrophic  gerodermia’  previously 
employed  for  a  less  advanced  form  by  Rummo,  who  may  have 
modified  the  name  ‘  geromorphisme  cutane’  used  by  Souques  and 
J.  B.  Charcot  in  1891. 

At  the  necropsy  of  a  case  made  by  Hastings  Gilford  the  pituitary 
appeared  normal,  but  was  not  further  examined ;  the  thyroid  was 
normal,  the  thymus  persistent  and  fibrous,  and  the  microscopic 
appearance  of  the  adrenals  was  ‘  like  that  in  the  fibrous  organs  of  the 
aged’.  Apert  (1933)  attributed  it  to  hypertrophy  of  the  thymus. 

Clinical  Picture.  The  child  ‘is  not  so  much  one  which  has  run 
through  the  gamut  of  the  years  with  astonishing  rapidity,  but  rather 
one  who  has,  in  some  respects,  never  grown  up.  In  many  ways  the 
patient  has  skipped  an  epoch  or  a  decade’  (Critchley,  1931).  The 
condition  of  infantilism  is  extremely  prominent ;  stature  is  dwarfed, 
the  secondary  sex  characters  do  not  develop,  the  body  is  hairless, 
and  the  child  is  wizened  and  wrinkled.  The  skeleton  shows  wide¬ 
spread  abnormalities,  abortive  ossification  in  the  membranous  bones 
of  the  cranium  so  that  it  resembles  the  foetal  skull,  generalized 
osteoporosis  and  the  changes  of  osteitis  fibrosa ;  the  radiological 
appearances  have  been  described  by  Broc,  Nicolle,  and  de  Beaujeu 
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(1935).  It  appears  to  be  the  juvenile  form  of  Simmonds’s  disease, 
but  was  described  first,  just  as  cretinism  was  recognized  long  before 
myxoedema. 

Diagnosis.  It  differs  from  Frohlich’s  adiposo-genital  dystrophy, 
which  is  usually  due  to  a  cranio-pharyngioma,  in  its  clinical  appear¬ 
ance ;  but  according  to  Cushing  (1927)  a  cranio-pharyngioma  may 
produce,  from  pressure  on  the  anterior  pituitary,  emaciation,  dwarf¬ 
ism,  sexual  infantilism,  and  premature  physical  senility. 

Treatment.  For  the  bony  lesions  calcium  and  ultra-violet  rays 
have  been  employed  (Broc,  Nicolle,  and  de  Beaujeu).  For  the 
pituitary  factor  substitutional  treatment  by  extracts  of  the  anterior 
lobe  is  the  obvious  course. 

Apert,  E.,  Infantilism,  English  transl.,  Lond.,  1933,  p.  75 ;  Apert,  E.,et  Robin, 
P.,  Presse  med.,  Paris,  1927,  xxxv.  433;  Bardisian,  A.,  Riv.  di  din.  pediat., 
Eirenze,  1930,  xxviii.  457 ;  Broc,  R.,  Nicolle,  M.,  et  de  Beaujeu,  A.  J., 
Presse  med.,  Paris,  1935,  xliii.  786;  Browning,  J.,  Phil.  Trans.,  1751,  xlvii. 
278,  also  Gentleman’’ s  Mag.,  1754,  xxiv.  191 ;  Critchley,  M.,  Lancet,  1931,  i. 
1331;  Cushing,  H.,  Brit.  Med.  Journ.,  1927,  ii.  1;  Gilford,  H.,  Med.-Chir. 
Trans.,  1897,  lxxx.  17;  idem,  Practitioner,  Lond.,  1904,  lxxiii.  188;  idem, 
Disorders  of  post-natal  Growth  and  Development,  Lond.,  1911,  pp.  646-65,  682; 
Hutchinson,  J.,  Med.-Chir.  Trans.,  1886,  lxix.  36;  Nasso,  I.,  Pediatria, 
Napoli,  1925,  xxxiii.  1264;  Orrico,  J.,  Prensa  med.  Argent.,  1918,  quoted  by 
Waldorp  and  del  Castillo;  Rand,  C.  W.,  Boston  Med.  and  Burg.  Journ.,  1914, 
clxxi.  107 ;  Souques,  A.,  et  Charcot,  J.  B.,  Nouv.  iconogr.  de  la  Salpetr.,  Paris, 
1891,  iv.  169;  Variot  et  Pironneau,  Bull.  Soc.  pediat.  de  Paris,  1910,  xii. 
307 ;  Waldorp,  C.  P.,  et  del  Castillo,  E.  B.,  Presse  med.,  Paris,  1928,  xxxvi. 
1221. 

Simmonds’s  Disease 

Synonyms:  Cachexia  hypophysio-priva,  Cachexie  tuberienne 
(Urechia  and  Elekes,  1925);  Dystrophia  cachecto-genitalis 
(Golden,  1929) ;  Asthenia  gravis  hypophysiogenea  (Wahlberg, 
1935) ;  Cerebro -hypophysial  cachexia  (H.  Zondek  and  Koehler, 
1928). 

History.  In  1914,  1916,  and  1918  Morris  Simmonds  (1855-1926) 
of  Hamburg  described  cases  of  cachexia  of  hyjiophyseal  origin  with 
a  fatal  termination  associated  with  septic  puerperal  infarction  of  the 
anterior  lobe  of  the  pituitary.  The  condition  has  been  regarded  as 
the  opposite  of  acromegaly,  just  as  myxoedema  is  the  antithesis  of 
hyperthyroidism.  The  eponym  ‘Simmonds’s  disease’  was  employed 
in  1922  by  Lichtwitz,  who  denied  that  cachexia  was  an  essential 
feature  of  the  disease.  Up  to  1928  Stocks  collected  34  cases ;  in  1932 
Calder  collected  70  cases,  but  in  the  same  year  Riecker  and  Curtis 
selected  24  cases  for  analysis,  and  in  1933  Silver  after  a  critical 
survey  accepted  41  cases. 

Aetiology.  Females  are  more  often  affected:  among  Calder s  65 
cases  in  which  the  sex  was  given  47  were  females,  among  Riecker  and 
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Curtis's  24  cases  there  were  10  males,  and  among  Silver’s  41  cases  12 
were  males.  Pregnancy  was  associated  with  the  onset  in  20  out  of 
the  47  female  cases  (Calder). 

Syphilis  has  been  incriminated  by  Reye  (1920),  Redlich  (1927), 
Farquharson  and  Graham  (1931),  and  Riecker  and  Curtis  (1932). 
Good  and  Newman  (1929)  reported  the  case  of  a  tabetic  woman  who 
emaciated  rapidly  and  after  death  was  found  to  show  fibrosis  of  the 
anterior  lobe  of  the  pituitary.  In  a  number  of  published  tertiary 
syphilitic  lesions  of  the  pituitary  {vide  p.  137)  the  clinical  features  are 
not  available. 

Pathogeny .  Deficiency  of  growth-stimulating  and  gonad-stimulat¬ 
ing  hormones  secreted  by  the  anterior  lobe  would  obviously  account 
for  the  atrophy  of  the  body  and  the  sexual  dystrophy.  This  ex- 
planation  corresponds  with  the  experimental  production  of  a  similar 
condition  in  rats  by  partial  removal  of  the  pituitary  and  correction 
of  this  change  by  the  administration  of  anterior  pituitary  extract 
(P.  E.  Smith,  1927).  The  secondary  atrophy  of  other  endocrine 
glands  may  be  responsible  for  some  of  the  symptoms  recorded. 
Thus  adrenal  atrophy  was  present  in  a  case  with  crises  resembling 
those  in  Addison's  disease;  Aitken  and  Russell  (1934),  who  re¬ 
corded  this  association,  left  open  the  question  whether  hypoglycaemia 
is  a  direct  result  of  the  pituitary  defect,  or  an  indirect  effect  of  the 
secondary  adrenal  atrophy  so  that  the  clinical  picture  may  be 
multiglandular  in  character.  Its  pituitary  origin  has  not  escaped 
adverse  criticism;  Urechia  and  Elekes  (1925)  believed  that  the 
primary  change  was  in  the  tuber  cinereum  rather  than  in  the 
pituitary,  and  accordingly  called  it  ‘cachexie  tuberienne’.  Roussy 
and  Mosinger  (1933)  stated  that  the  syndrome  may  be  caused  by 
lesions  confined  to  the  tuber  cinereum.  Salmon  (1933)  ascribed  the 
emaciation  to  fibrosis  and  deficiency  of  the  other  endocrine  glands, 
secondary  to  damage  of  the  anterior  pituitary.  This  is  a  rather  more 
complicated  hypothesis  than  that  of  deficiency  of  the  growth-  and 
gonad-stimulating  hormones  of  the  anterior  pituitary. 

Morbid  Anatomy .  The  anterior  lobe  of  the  pituitary  is  destroyed, 
and  shows  necrosis,  cystic  change,  or  fibrosis.  From  analysis  of  24 
selected  cases  examined  after  death  Riecker  and  Curtis  (1932)  found 
the  following  causes  for  lesions  in  the  anterior  lobe  of  the  pituitary  : 
puerperal  sepsis,  9  cases  ;  syphilis,  5  ;  cyst,  4  ;  tuberculosis,  2  cases.  In 
4  cases  the  cause  was  not  known.  They  also  reported  a  case  of 
malignant  adenoma  of  the  pars  intermedia.  Haemorrhage  into  a 
pituitary  containing  a  chromophobe  adenoma  and  causing  an  acute 
onset  of  symptoms  has  been  recorded  (Aitken  and  Russell).  In¬ 
vasion  of  the  anterior  pituitary  by  an  ependymal  glioma  was  reported 
by  Weinstein  (1935). 
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Atrophic  changes  in  the  kidneys,  pancreas,  thyroid,  parathyroid, 
liver,  adrenals,  and  ovaries  were  described  by  Simmonds  and  others. 
Simmonds  (1914)  stated  that  the  arteries  to  the  anterior  pituitary 
are,  in  contradistinction  to  those  supplying  the  posterior  lobe,  end- 
arteries.  Reye  (1926)  contested  Simmonds’s  view  of  embolism  and 
argued  that  the  mechanism  was  thrombosis  in  an  organ  undergoing 
involution  after  the  hypertrophy  due  to  pregnancy. 

The  clinical  picture  shows  general  and  extreme  wasting  of  the 
body  and  of  the  viscera  (microsplanchnia  or  splanchnomicria),  pre¬ 
cocious  senility,  wrinkled  dry  skin  with  absence  of  pigment  and  pallor 
in  excess  of  the  degree  of  secondary  anaemia,  loss  of  axillary  and 
pubic  hair  and  of  the  teeth,  absence  of  sexual  desire,  in  women 
amenorrhoea  and  sterility,  in  men  impotence,  a  subnormal  tempera¬ 
ture,  sensitiveness  to  cold,  a  low  metabolic  rate,  muscular  atonia  and 
weakness,  constipation,  low  blood-pressure,  and  the  gradual  onset  of 
a  psychotic  state  which  may  simulate  Korsakoff’s  syndrome,  and  a 
stuporous  condition.  Spontaneous  hypoglycaemia  has  been  observed 
(Wilder,  1930 ;  Aitken  and  Russell,  1934),  and  the  disease  has  been 
found  in  association  with  Graves’s  disease  (Merz,  1930).  Cachexia, 
one  of  the  most  prominent  symptoms,  has  been  absent  in  some  cases 
(Fahr,  1918;  Reye,  1926;  Bratton  and  Field,  1934).  Attacks  of 
vomiting,  severe  abdominal  pain,  and  prostration  occur,  and  were 
compared  by  Aitken  and  Russell  (1934)  with  the  crises  in  Addison’s 
disease. 

Minor  or  abortive  (H.  Zondek,  1935)  forms  of  Simmonds’s  disease 
have  been  described  as  hypophysial  wasting  (von  Bergmann,  1934), 
and  asthenia  gravis  hypophyseogenea  (Wahlberg,  1935),  in  which  the 
pituitary  was  regarded  as  functionally  rather  than  organically  im¬ 
paired  and  failing  to  stimulate  the  thyroid,  the  sex,  and  other  glands. 
Stroebe  (1935)  described  phlebosclerosis  in  this  minor  form,  and 
obtained  benefit  from  thyroid  treatment. 

It  appears  to  be  the  same  as  progeria  except  that  it  occurs  in  adults, 
whereas  progeria  begins  in  childhood ;  the  relation  between  the  two 
conditions  is  comparable  with  that  between  sporadic  cretinism  and 
infantile  myxoedema  on  the  one  hand  and  adult  myxoedema  on  the 
other  hand,  Simmonds’s  disease  being  progeria  arising  in  adult  life. 

Diagnosis.  It  must  be  distinguished  from  the  multiglandular 
deficiency  described  by  Claude  and  Gougerot  (1907;  vide  p.  31). 
Another  form  of  hypopituitarism,  namely,  adiposo-genital  dystrophy, 
is  accompanied  by  obesity  which  has  been  explained  by  interference 
by  the  tumour  with  the  functions  of  the  hypothalamus. 

Prognosis.  Some  cases  are  much  prolonged.  Patients  have  been 
known  to  survive  the  onset  for  44  years  (Reiche,  1918),  23  years 
(Oppenheimer,  1931),  and  11  years  (Simmonds,  1914). 
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Treatment.  Benefit  has  followed  injection  of  an  extract  of  the 
anterior  pituitary  (Calder,  1932;  Strieker,  1933)  of  the  anterior 
pituitary  hormone  (Zondek  and  Koehler,  1932),  of  extract  of  the 
adrenal  cortex  (Kalk,  1934),  and  of  insulin  with  intravenous  glucose. 
Reye  (1920)  reported  a  cure  by  anti- syphilitic  treatment.  The 
administration  of  anterior  pituitary  extract  as  substitution  treat¬ 
ment  has  been  combined  with  stimulation  of  the  pituitary  by  X-rays 
with  considerable  benefit  (Cervera,  Folch,  and  Benaiges,  1934). 

Aitken,  R.  S.,  and  Russell,  D.  S.,  Lancet,  1934,  ii.  802;  Bergmann,  G.  von, 
Deutsche  med.  Wchnschr.,  1934,  lx.  123;  Bratton,  A.  B.,  and  Field,  A.  F., 
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E.,  Med.  Klinik,  Berlin,  1920,  xvi.  1317 ;  idem,  Munchen.  med.  Wchnschr.,  1926, 
Ixxiii  (1),  902;  Roussy,  G.,  et  Mosinger,  M.,  Ann.  de  med.,  Paris,  1933, 
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Marinesco,  1933,  p.  605;  Silver,  S.,  Arch.  Int.  Med.,  Chicago,  1933,  li.  175; 
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1914,  xl.  322;  idem,  ibid.,  1916,  xlii.  190;  idem,  ibid.,  1918,  xliv.  853;  Smith, 
P.  E.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1927,  lxxxviii.  158;  Stocks,  J.  W., 
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Dystrophia  Adiposo -Genitalis 

Synonyms :  Frohlich’s  Syndrome;  Cerebral  Adiposity;  Pituitary 
Adiposity;  Genito -pituitary  Adiposity;  Deficiency  Syn¬ 
dromes  due  to  Compression  by  parahypophysial  Tumours 

(Cushing). 

History.  On  June  7,  1900,  Joseph  Babinski  (1857-1932),  who  has 
been  described  as  the  conservative  embodiment  of  his  chief  Charcot, 
presented  to  the  Societe  de  neurologie  de  Paris  a  paper  with  illustra¬ 
tions  of  a  girl  aged  17  years  and  of  a  pituitary  tumour,  described  as  an 
epithelial  growth,  in  a  case  of  arrested  sexual  development  and 
obesity.  The  tumour  occupied  the  sella  turcica,  was  adherent  to  the 
pituitary,  and  would  now  appear  to  have  been  a  cranio-pharyngioma. 
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Babinski,  who  had  watched  the  patient  for  10  years,  found  the 
ovaries  very  small.  He  thus  preceded  Frohlich  in  the  description  of 
the  syndrome ;  in  Germany  the  eponym  Frohlich-Babinski's  syn¬ 
drome  has  been  used,  and  in  France  the  order  of  the  observers'  names 
has  naturally  been  reversed  (Ray baud,  1933). 

In  1901  Alfred  Frohlich  (1871-  )  recorded  from  Frankl-Hoch- 

wart’s  clinic  in  Vienna  under  the  title  of  pituitary  tumour  without 
acromegaly  the  case  of  a  boy,  aged  14  years,  with  obesity,  infantile 
testes,  and  very  scanty  pubic  hair,  dry  skin,  headache,  and  vomiting. 
As  the  condition  was  first  thought  to  be  a  pituitary  tumour  with 
myxoedema,  the  boy  was  treated  with  thyroid.  Frohlich  collected 
other  cases,  the  earliest  being  that  reported  in  1840  by  Bernhard 
Mohr  of  Wurzburg  of  an  obese  woman  aged  47  years  ;  but  he  did  not 
notice  Babinski’s  case.  In  1899  Pechkranz  published,  under  the  title 
of  ‘ Sarcoma  angiomatodes  hypophyseos  cerebri’,  the  case  of  a  boy, 
aged  17  years,  with  genital  hypoplasia. 

At  a  meeting  of  the  Ophthalmological  Society  of  the  L  nited  King¬ 
dom  in  1887,  J.  B.  Story  (1851-1926)  showed  a  case  of  optic  atrophy  in 
one  eye  and  temporary  hemianopia  in  the  other  eye,  with  drowsiness, 
increasing  stoutness,  and  irregular  menstruation.  Edward  Nettleship 
(1845-1913)  suggested  the  presence  of  a  pituitary  tumour,  and  James 
Anderson  (1853-93),  who  had  published  a  similar  case,  stated  that 
pituitary  tumour  was  usually  accompanied  by  obesity.  Elliot  Smith 
(1871-  )  from  examination  of  the  heretic  Pharaoh’s  skeleton 

(1400  b.c.  )  identified  him  as  a  case  of  this  condition  on  the  ground 
that  the  epiphyses  were  in  a  state  normal  for  a  man  aged  22  years, 
whereas  he  was  known  to  be  36  years  old ;  this  explanation  settled 
doubt  about  the  skeleton  being  that  of  the  Pharaoh.  In  1902  a  girl 
aged  16  years  died  in  the  Johns  Hopkins  Hospital  with  the  sympt  om - 
complex  described  by  Babinski  and  Frohlich ;  her  case  was  reported 
by  Cushing  in  1906.  The  name  adiposo-genital  dystrophy  was  intro¬ 
duced  by  Bartels  in  1908.  Launois  and  Cleret  (1910)  indicated  its 
pituitary  origin  by  the  modified  title  1  syndrome  hypophysaire 
adiposo-genital’,  but  the  illustrations  of  their  cases  suggest  adiposis 
dolorosa. 

Pathogeny.  Frohlich  ascribed  the  condition  to  disease  of  the 
pituitary,  and  Marburg  in  1909  to  hypopituitarism ;  this  view  was 
largely  confirmed  by  Crowe,  Cushing,  and  Homans’s  experimental 
production  of  adiposity,  lethargy,  and  sexual  dystrophy  by  incom¬ 
plete  removal  of  the  anterior  lobe  of  the  pituitary  (1910).  Before 
this  time  cases  of  ‘  pituitary  tumour  without  acromegaly  ’  had  been 
reported  but  not  definitely  associated  with  adiposo-genital  dystrophy . 
It  has  been  concluded  that  deficiency  of  the  gonadotropic  hormone, 
thought  to  be  secreted  by  the  basophil  cells  in  the  anterior  pituitary, 
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arrests  the  development  of  the  gonads  and  that  deficiency  of  their 
sex  hormones  is  responsible  for  the  manifestations  of  sexual  in¬ 
fantilism.  Interference  with  growth  and  the  skeletal  changes  can  be 
explained  by  diminution  in  the  amount  of  the  growth  hormone 
normally  provided  by  the  eosinophil  cells  in  the  anterior  lobe  of  the 
pituitary ;  it  is  obvious  that  this  hormone  is  probably  diminished,  and 
not  completely  absent  as  in  Simmonds’s  disease. 

Adiposo -genital  dystrophy  was  formerly  thought  to  be  the  converse 
of  acromegaly;  but  by  an  ingenious  technique  P.  E.  Smith  (1927) 
showed  that  this  was  not  correct ;  damage  to  the  tuber  cinereum  of 
rats  caused  obesity  and  atrophy  of  the  genitals  without  atrophy  of  the 
thyroid  and  adrenal  cortex  ;  whereas  removal  of  the  anterior  pituitary 
arrested  growth  in  young  rats  and  caused  cachexia  in  adults — -the 
clinical  manifestations  of  Simmonds’s  disease  which  is  therefore  the 
converse  of  acromegaly. 

The  occurrence  of  diabetes  insipidus,  polyuria,  and  polydipsia 
appears  to  be  due  to  interference  with  the  functions  of  the  hypo¬ 
thalamus.  Obesity  is  most  satisfactorily  explained  in  the  same  way 
(Camus  and  Roussy,  1921),  though  hypothyroidism  due  to  deficiency 
of  the  pituitary  thyrotropic  hormone  may  be  partly,  or  in  some 
instances,  wholly,  responsible.  The  aplasia  of  the  gonads  may  play  a 
part  in  some  of  the  changes,  especially  in  those  of  the  skeleton  and 
the  obesity. 

As  many  different  lesions  {vide  morbid  anatomy),  including  those 
left  by  basal  meningitis,  epidemic  encephalitis,  and  polio-encephalitis, 
have  been  known  to  cause  the  clinical  condition  it  is  really  a  syn¬ 
drome  rather  than  a  disease. 

In  1888  Byrom  Bramwell  (1847-1931)  suggested  that  the  adiposity, 
polyuria,  and  glycosuria  sometimes  observed  in  cases  of  pituitary 
tumours  were  due  to  disturbance  thus  caused  in  the  adjacent  parts  of 
the  brain  rather  than  to  disorder  of  the  pituitary.  It  was  nearly  thirty 
years  later,  as  Cushing  (1930)  pointed  out,  that  Erdheim  (1916)  de¬ 
scribed  adiposo -genital  dystrophy  as  pituitary  nanosomia  plus  obesity 
due  to  involvement  of  the  base  of  the  brain.  The  hypothalamic 
responsibility  has  been  supported  by  Roussy  since  1913,  first  with 
Camus  and  twenty  years  later  with  Mosinger,  a  lesion  confined  to  the 
pituitary  being  regarded  as  exceptional,  and  also  by  Leschke  (1920), 
Fulton  and  Bailey  (1929),  and  others. 

Byrom  Bramwell  was  born  in  1847  at  North  Shields,  where  his  father 
and  grandfather  had  practised  medicine.  After  a  brilliant  student 
career  at  Edinburgh,  where  he  was  a  prominent  athlete  and  captain 
of  the  University  cricket  eleven,  he  was  house  surgeon  at  the  Royal 
Infirmary,  but  declined  the  office  of  first  assistant  to  the  professor  of 
medicine,  Thomas  Laycock  (1812-76),  in  order  to  join  his  father.  After 
four  and  a  half  years  in  busy  general  practice  he  was  in  1871  appointed 
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lecturer  on  medical  jurisprudence  and  pathology  in  the  University  of 
Durham,  and  moved  to  Newcastle-on-Tyne.  Three  years  later  he  was 
appointed  physician  and  pathologist  to  the  Royal  Infirmary,  and  in 
1877  took  the  M.D.  degree  at  Edinburgh.  In  1879  he  left  Newcastle  and 
set  up  in  Edinburgh  as  an  extra-mural  teacher  of  medicine  and  thus 
built  up  a  great  reputation;  he  was  successively  pathologist  (1882-5), 
assistant  physician  (1885)  and  physician  (1897)  to  the  Royal  Infirmary. 
In  1900,  after  the  death  of  Sir  Thomas  Grainger  Stewart  (1837-1900), 
he  was  a  candidate,  as  was  G.  A.  Gibson  (1854-1913),  for  the  Chair  of 
Medicine,  but  after  a  keenly  contested  campaign  they  were  beaten  by 
John  Wyllie  (1844-1916)  who  held  the  chair  until  1915.  This  was  a 
great  disappointment  to  Bramwell  and  to  his  numerous  pupils.  His 
publications  covered  a  very  wide  field,  as  is  shown  by  his  numerous 
books  and  papers  such  as  Diseases  of  the  Spinal  Cord  (1881),  Diseases  of 
the  Heart  and  Thoracic  Aorta  (1884),  Intracranial  Tumours  (1888),  Atlas 
of  Clinical  Medicine  in  3  vols.  (1892-6),  Lectures  on  Aphasia  (1897), 
Anaemia  and  Diseases  of  the  Blood-forming  Organs  ( 1 899),  and  more  than 
160  papers.  He  had  a  very  wide  consulting  practice,  and  adorned 
many  posts  of  honour  such  as  President  of  the  Royal  College  of  Physi¬ 
cians  of  Edinburgh,  and  President  of  the  Association  of  Physicians  of 
Great  Britain  and  Ireland. 

Morbid  Anatomy.  In  children  and  adolescents  the  syndrome  is 
usually  due  to  the  pressure  exerted  by  a  cranio-pharyngioma,  which 
when  suprasellar  will  disturb  the  functional  activity  of  the  hypo¬ 
thalamus  as  well  as  that  of  the  pituitary.  In  adults,  symptoms  of 
hypopituitarism  somewhat  resembling  those  of  adiposo-genital 
dystrophy  are  generally,  but  not  always,  due  to  chromophobe 
adenomas  (vide  p.  131)  of  the  anterior  hypophysis  rather  than  to 
Rathke  pouch  tumours.  Other  conditions,  such  as  a  neurofibroma 
in  the  course  of  von  Recklinghausen’s  disease  (Hoffmann)  or  syphilis 
(Lereboullet  and  Mouzon,  1917  ;  Langmead,  1917  ;  Reye,  1920),  have 
been  incriminated.  The  pituitary  may  be  normal,  as  pointed  out  by 
Leschke.  Urechia  and  Elekes  in  1925  recorded  a  case  with  polyuria 
in  which  the  pituitary  was  normal,  but  the  tuber  cinereum  showed 
inflammation. 

Most  exceptionally  the  disease  has  followed  damage  of  the  pitui¬ 
tary  by  external  injury,  as  in  the  case  of  a  girl,  aged  9  years,  due  to  a 
bullet  reaching  the  sella  turcica  (Madelung,  1904);  Frank  (1912) 
recorded  a  similar  case,  and  Cushing  (1912)  one  due  to  a  severe 
cranial  injury. 

Adrenals.  Aplasia  of  the  adrenal  cortex  noted  by  Falta  (1923)  can 
be  explained  by  inadequacy  of  the  adrenotropic  hormone  of  the 
anterior  pituitary. 

Thyroid.  Various  changes  have  been  recorded,  such  as  cystic 
adenoma  (Falta,  1923). 
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The  Thymus  has  been  found  to  be  enlarged,  but  also  to  be  small. 

The  Testes  of  these  eunuchoid  subjects  are  small  and  the  epididymis 
appears  disproportionately  large.  The  pelvis  retains  its  infantile 
form  and  approaches  the  feminine  type. 

Clinical  Picture.  This  is  the  form  of  pituitary  or  infundibulo- 
cinereal  infantilism  most  often  diagnosed.  The  manifestations  vary 
considerably  in  correspondence  with  the  extent  of  interference, 
exerted  by  cranio-pharyngiomas  or  other  lesions,  with  the  functions 
of  the  pituitary  and  adjacent  parts  of  the  brain.  The  characteristic 
features  are  in  the  first  place  obesity  and  sexual  infantilism. 

Obesity  is  widespread,  specially  involving  the  trunk  and  the 
proximal  parts  of  the  extremities.  It  is  often  extremely  prominent 
over  the  mons  veneris  and  in  the  mammary  region.  In  females  the 
obesity  is  of  the  normal  type  but  exaggerated  ;  in  males  it  is  feminine 
in  character,  and  the  distribution  of  fat  is  responsible  for  a  female 
figure.  Cerebral  adiposity,  due  to  involvement  of  the  hypothalamus, 
may  be  accompanied  by  polyuria,  polydipsia,  and  diurnal  drowsiness 
and,  after  puberty,  by  amenorrhoea  or  dysmenorrhoea  (Llermitte, 
de  Massary,  and  Trelles,  1934). 

In  a  boy  with  the  anatomical  features  but  not  the  subjective 

symptoms  there  were  definite  lipomas  (Adair,  Pack,  and  Farrior,  1932). 

There  seems  to  be  some  difference  of  opinion  about  the  incidence 
of  diabetes  insipidus  in  ordinary  cases. 

The  genital  organs,  internal  and  external,  remain  undeveloped  or 
atrophied ;  in  the  male  the  minute  testes  may  not  descend  into  the 
scrotum  (Sexton,  1934),  and  the  prostate  is  small  or  impalpable.  The 
secondary  sex  characters  do  not  develop ;  the  voice  does  not  change 
in  males.  Adult  females  are  amenorrhoeic  from  deficiency  of  the 
pituitary  gonadotropic  hormone,  and  males  are  devoid  of  sexual 
feeling  and  activity. 

The  skin  is  soft,  pale,  dry  from  diminished  perspiration,  like 
alabaster,  and  hairless  except  on  the  scalp  where  the  hair  is  plentiful, 
fine,  and  silky.  After  middle  age  the  skin  becomes  wrinkled  from  the 
deficiency  in  fibrous  tissue.  The  nails  are  small  and  without  crescents. 

Skeletal  Changes.  The  epiphyses  remain  ununited.  The  bones  may 
be  either  dwarfed  or  show  eunuchoid  gigantism.  The  association  of 
gigantism  has  been  called  the  Neurath- Cushing  syndrome  (Raybaud, 
1933).  The  hands  are  small,  fat,  and  with  tapering  fingers.  A  rare 
condition  is  acromicria  or  osteo-genital  dystrophy  which  is  charac¬ 
terized  by  diminution  of  the  size  of  the  head  and  limbs,  dwarfism,  and 
mental  defect;  it  is  sometimes  hereditary  and  familial  (Brugsch, 
1927). 

Blood.  Slight  diminution  in  the  red  count  and  in  the  haemoglobin 
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with  a  diminution  in  the  polymorphonuclear  count  have  been  re¬ 
corded  (Falta). 

The  basic  metabolic  rate  is  often  lowered  (Boothby  and  Sandi- 
ford),  the  sugar  tolerance  high,  and  the  temperature  subnormal. 

Ocular  Changes.  The  presence  of  a  cranio-pharyngioma  may  cause 
bitemporal  hemianopia  and  optic  atrophy. 

Apart  from  the  effects  of  increased  intracranial  pressure  due  to  a 
tumour,  the  mental  state  is  usually  alert  and  contrasts  with  that  of 
sporadic  cretinism. 

X-rays  show  a  shadow  due  to  the  calcification  which  occurs  in 
approximately  80  per  cent,  of  cranio-pharyngiomas,  and  also  de¬ 
formity  and  enlargement  of  the  sella  turcica,  if  the  cranio-pharyn¬ 
gioma  lies  inside  it  (Cushing  and  Eisenhardt,  1929).  The  delay  in  the 
appearance  of  the  centres  of  ossification  and  the  ununited  state  of  the 
bony  epiphyses  are  also  demonstrated,  the  carpal  bones  being  a  con¬ 
venient  part  for  examination. 

Differential  diagnosis  must  be  made  from  other  forms  of  adi¬ 
posity  ;  merely  over-fat  children  should  not  be  regarded  as  the  sub¬ 
jects.  Other  conditions  from  which  it  must  be  distinguished  are  me 
adreno-genital  syndrome,  myxoedema,  and  the  rare  cases  of  pineal 
tumour;  from  the  last  the  infantile  condition  of  the  sexual  organs 
should  prevent  any  confusion. 

Cerebro-pituitary-peripheral  adiposity,  called  by  H.  Zondek  water- 
salt  adiposity,  is  allied  to  adiposo-genital  dystrophy.  It  is  due  to 
damage  to  the  centres  in  the  diencephalon  as  well  as  to  the  pituitary. 
According  to  Zondek  (1935)  it  is  responsible  for  the  majority  of  all 
cases  of  obesity.  The  obesity  of  rapid  onset  picks  out  the  hips,  thighs, 
breasts,  and  avoids  the  limbs  ;  headache  is  severe  ;  mental  depression 
is  common ;  menstruation  is  disordered ;  the  temperature  may  be  2 
to  3  degrees  F.  above  normal ;  basal  metabolism  is  normal  or  raised  ; 
oliguria  and  retention  of  sodium  chloride  are  present. 

From  Simmonds’s  disease  (hypophysial  cachexia)  it  differs 
markedly  by  the  presence  of  adiposity  as  contrasted  with  progressive 
wasting. 

The  association  of  well-marked  dwarfing  and  optic  atrophy  with 

adiposo-genital  dystrophy,  though  not  necessarily  with  obesity,  was 

described  by  Burnier  (1912)  and  has  been  called  1  Burnier’s  syndrome  ’. 

L.  Guthrie  (1913)  made  out  a  strong  case  for  the  view  that  the  great 

Xapoleon  was  in  his  later  life  the  subject  of  hypopituitarism. 

The  surgical  treatment  of  the  tumour,  cranio-pharyngioma,  is 
difficult  (Cushing,  1930);  radiological  treatment  was  reported  as 
beneficial  by  Roussy,  Bollack,  and  Pages  in  1932. 

Treatment  by  extracts  of  the  whole  pituitary  have  given  en- 
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couraging  results.  In  cases  with  diabetes  insipidus,  the  latter  reacts 
well  to  extracts  of  the  posterior  lobe  of  the  pituitary. 
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Bond.,  1888,  p.  164;  Brugsch,  T.,  Med.  Klinik,  Berlin,  1927,  xxiii.  81 ; 
Burnier,  R.,  Ann.  Ophthal.,  St  Louis,  1912,  xx.  263 ;  Camus,  L.,  et  Roussy,  G., 
Compt.  rend.  Soc.  biol.,  Paris,  1913,  lxv.  483,  628;  1920,  lxxxiv.  764;  1922, 
lxxxvi.  1008 ;  Crowe,  S.  J.,  Cushing,  H.,  and  Homans,  J.,  Bull.  Johns  Hopkins 
Hosp.,  Baltimore,  1910,  xxi.  127;  Cushing,  H.,  Journ.  Nerv.  and  Ment.  Dis ., 
•Chicago,  1906,  xxxiii.  704;  idem,  Journ.  Am.  Med.  Assoc.,  Chicago,  1909,  liii. 
249;  idem,  The  Pituitary  Body  and  its  Disorders,  Phila.,  1912,  p.  173;  idem, 
Studies  in  Intracranial  Physiology  and  Surgery  ( The  Cameron  Prize  Lectures 
1925),  Oxford  Univ.  Press,  1926;  idem,  Brit.  Med.  Journ.,  1927,  ii.  1;  idem, 
Lancet,  1930,  ii.  119;  175;  idem,  Arch.  Int.  Med.,  Chicago,  1933,  li.  487; 
Cushing,  H.,  and  Eisenhardt.  L.,  Arch.  Ophthal.,  Chicago,  1929,  i.  1 ;  Erdheim, 
J.,  Sitzungsb.  d.  k.  Akad.  d.  Wissensch.  Math.-naturw.  Kl.,  Wien,  1904,  cxiii.  537  ; 
idem,  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  Jena,  1916,  lxii.  302;  Falta,  W., 
Endocrine  Diseases,  Lond.,  1923,  p.  324;  Frohlich,  A.,  Wien.  klin.  Rundsch., 
1901,  xv.  883,  906  ;  Fulton,  J.  F.,  and  Bailey,  P.,  Journ.  Nerv.  and  Ment.  Dis., 
Chicago,  1929,  lxix.  164;  Frank,  E.,  Berlin,  klin.  Wchnschr.,  1912,  xlix.  393; 
Guthrie,  L.,  Lancet,  1913,  ii.  823;  Langmead,  F.,  Proc.  Roy.  Soc.  Med.,  1916— 
17,  x  (Sect.  Dis.  Child.),  25;  Launois,  P.  E.,  et  Cleret,  M.,  Gaz.  d.  hop.,  Paris, 
1910,  lxxxiii.  57,  83 ;  Lereboullet,  P.,  et  Mouzon,  J.,  Rev.  neurol.,  Paris,  1917, 
xxiv  (1),  493;  Leschke,  E.,  Deutsche  med.  Wchnschr.,  1920,  xlvi.  959;  996; 
Llermitte,  J.,  de  Massary,  J.,  et  Trelles,  O.,  Presse  med.,  Paris,  1934,  xlii. 
583;  Madelung,  O.,  Zentralbl.  f.  Chir.,  Leipz.,  1904,  xxxi.  1067;  Marburg, 
O.,  Deutsche  Ztschr.f.  Nervenh.,  Leipz.,  1908-9,  xxxvi,  14;  Mohr,  B.,  Wchnschr. 
f.  d.  ges.  Heilk.,  Berlin,  1840,  vi.  565;  Nettleship,  E.,  Brit.  Med.  Journ.,  1887, 
i.  1334;  Pechkranz,  S.,  Neurol.  Centralbl.,  Leipz.,  1899,  xviii.  203;  Raybaud, 
A.,  Les  syndromes  hypophysaires  et  infunclibulotuberiens,  Paris,  1933;  Reye,  E., 
Med.  Klinik,  Berlin,  1920,  xvi.  1317;  Roussy,  G.,  Bollack,  J.,  et  Pages,  R., 
Rev.  neurol.,  Paris,  1932,  i.  491 ;  Roussy,  G.,  et  Mosinger,  M.,  Ann.  de  med., 
Paris,  1933,  xxxiii.  193  ;  Sexton,  D.  L.,  Endocrinol.,  Los  Angeles,  1934,  xviii.  47; 
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The  Laurence -Moon-Biedl  Syndrome 

This  is  a  combination  of  adiposo-genital  dystrophy  with  atypical 
retinitis  pigmentosa,  mental  retardation,  and  skeletal  abnormalities 
which  are  most  often  polydactylism  and  syndactylism. 

Early  cases  of  this  nature,  recorded  by  Horing  (1864),  Stor  (1865), 
de  Wecker  (1866),  and  others,  have  been  collected  by  Cockayne, 
Krestin,  and  Sorsby  (1935).  But  this  familial  and  congenital  con¬ 
dition  was  first  definitely  described  by  John  Zachariah  Laurence 
(1828-70)  and  R.  C.  Moon  in  1866  in  the  short-lived  Ophthalmic 
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Review  (1864-7)  edited  by  Laurence  and  by  Thomas  Windsor  (1831- 
1910)  of  Manchester,  whose  life  has  been  written  by  Brockbank.  The 
dwarfing,  hypo-genitalism,  obesity,  mental  deficiency,  and  retinitis 
pigmentosa  were  described,  and  it  was  compared  with  mild  cretinism. 
Von  Jaksch  (1912)  reported  a  case  of  Erohlich's  syndrome  with 
mental  deficiency,  optic  atrophy,  atypical  retinitis  pigmentosa,  and 
polydactyly,  and  Bertolotti  (1914)  a  similar  condition.  But  the  syn¬ 
drome  did  not  attract  any  attention  until  it  was  re-described  ;  in  1920 
Bardet  in  his  Paris  thesis  Sur  un  syndrome  d'obesite  congenitale  avec 
polydactylie  et  retinite  pigmentaire  referred  to  cases  of  three  brothers 
reported  by  de  Cyon  (1898)  in  a  paper  on  the  treatment  of  acrome¬ 
galy,  and  of  two  brothers  by  Rozabel-Farnes  (1913),  and  thought  that 
deficiency  of  both  lobes  of  the  pituitary  was  responsible.  In  1922 
Biedl  published  cases  in  a  brother  and  sister  which  in  1924  were  more 
fully  reported  with  Raab  of  his  clinic  ;  they  regarded  it  as  a  familial 
form  of  adiposo-genital  dystrophy,  and  suggested  a  mechanical 
origin,  namely  pressure  exerted  by  a  high  or  deformed  sella  turcica 
on  the  infundibulum,  so  as  to  interfere  with  the  passage  of  pituitary 
secretion  to  stimulate  the  gonadotropic  and  metabolic  centres  in  the 
hypothalamus.  More  recently  Ornsteen  (1932)  ascribed  it  to  a  de¬ 
velopmental  defect  of  the  ectopic  zone  of  the  prosencephalon.  In 
1928  Boenheim  added  nerve  deafness  and  cutaneous  pigmentation  to 
the  clinical  picture.  This  syndrome  is  a  link  in  a  number  of  diseases  ; 
thus  adiposo-genital  dystrophy  has  been  regarded  as  an  incomplete 
form  of  the  Laurence-Moon- Biedl  syndrome  ;  the  presence  of  retinitis 
pigmentosa  links  it  up  with  macular  degeneration,  amaurotic  family 
idiocy,  and  so  with  lipoid  histiocytosis  and  disorders  of  lipoid 
metabolism,  all  diseases  with  a  tendency  to  occur  in  Jews.  No 
necropsy  has  yet  been  made  (Cockayne,  Krestin,  and  Sorsby),  but, 
as  most  of  the  skiagrams  have  not  shown  any  change  in  the  sella 
turcica,  the  lesion  may  be  hypothalamic  rather  than  pituitary. 

The  work  of  Laurence  and  Moon  was  forgotten,  and  the  syndrome 
was  spoken  of  as  the  Bardet-Biedl  syndrome  until  in  1925  Solis- 
Cohen  and  Weiss  pointed  out  Laurence  and  Moon's  priority  and 
introduced  the  triple  eponym  of  the  Laurence-Moon-Biedl  syndrome. 
In  a  ‘belated  tribute'  Arnold  Sorsby  (1932)  collected  what  is  known 
about  the  life  of  Laurence  who  founded  the  South  London  Ophthal¬ 
mic  (now  the  Royal  Eye)  Hospital  in  1857.  Parkes  Weber  (1925) 
reported  a  case  with  von  Recklinghausen's  neurofibromatosis,  thus 
showing  a  widespread  change  in  the  nervous  system.  In  1932  77  cases 
of  the  Laurence-Moon-Biedl  syndrome  were  analysed  by  Reilly  and 
Lisser,  and  in  1935  108  cases  by  Cockayne,  Krestin,  and  Sorsby. 

The  mode  of  inheritance  appears  to  be  autosomal  recessive,  but  it 
is  most  improbable  that  a  mutation  of  a  single  gene  is  responsible 
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for  the  whole  syndrome.  It  was  suggested  by  Rieger  and  Trauner 
(1929)  that  the  epiblastic  and  mesoblastic  changes  are  recessive  and 
due  to  mutations  of  two  genes  in  the  same  chromosome ;  the  same 
conclusion  was  reached  independently  by  Cockayne  (1933)  and  by 
Jenkins  and  Poncher  (1935).  The  polydactylism,  however,  has  been 
regarded  as  dominant  (Bauer,  1927).  It  has  not  been  recorded  in 
negroes,  mongolian,  or  Indian  races  (Cockayne,  Krestin,  and  Sorsby). 

Clinical  Picture.  Reilly  and  Lisser  found  that  all  the  cardinal 
symptoms,  namely:  (1)  obesity,  (2)  genital  hypoplasia,  (3)  atypical 
retinitis  pigmentosa,  (4)  mental  deficiency,  (5)  polydactylism,  and 
(6)  familial  incidence,  were  present  in  25  only  out  of  their  77  cases. 

Mental  defect  was  present  in  60  out  of  the  77  cases ;  it  may  be  due 
to  failure  of  development  or  to  disintegration  of  fully  developed 
mentality.  The  adiposity,  which  is  almost  constant,  may  vary  in  its 
type,  such  as  thyrogenic  and  pituitary,  and  the  pigmentary  change 
in  the  retina  may  be  typical  or  atypical. 

Treatment  by  thyroid  and  pituitary  or  by  thyroid  alone  has  been 
followed  by  improvement  in  some  cases,  mainly  as  regards  obesity, 
less  in  the  mental  condition  (Reilly  and  Lisser). 
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Chromophobe-celled  Adenomas  compressing  the 

Chromophil  Cells 

The  chromophobe  adenomas  ( vide  p.  Ill)  cause  (i)  neighbourhood 
symptoms  by  pressure  on  the  optic  pathway,  and  (ii)  constitutional 
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symptoms  of  hypopituitarism  by  compressing  the  remaining  eosino¬ 
phil  and  basophil  cells  in  the  anterior  lobe,  and  also,  by  flattening 
the  neuro -hypophysis,  lead  to  a  low  blood-pressure.  Chromophobe 
tumours  usually  occur  in  adult  life,  and  may  reach  a  considerable 
size  so  as  to  press  on  the  optic  pathway  and  impair  vision  before  the 
symptoms  of  hypopituitarism  appear.  When  chromophobe  tumours 
occur  in  childhood  the  inhibition  of  growth  and  sexual  develop¬ 
ment  is  extremely  obvious,  as  in  adiposo-genital  dystrophy. 

Morbid  Anatomy.  Enlargement  of  the  thymus  and  diminution 
in  the  size  of  the  adrenal  cortex  have  been  recorded  (Cushing,  1933). 
The  testes  are  atrophied  (Cushing  and  Davidoff,  1927).  For  the 
chromophobe  tumour  see  page  111. 

In  haemochromatosis  Sheldon  (1934)  gave  an  account  of  pigmentary 
infiltration  of  the  anterior  pituitary  and  especially  of  the  basophil 
cells,  but  not  in  the  posterior  lobe  of  the  pituitary ;  he  also  described  a 
form  of  sexual  hypoplasia  with  impotence  and  feminine  distribution  of 
the  hair,  and  tentatively  connected  these  changes  with  the  alterations 
in  the  pituitary. 

Clinical  Picture.  The  constitutional  manifestations  in  adult  life 
are  the  equivalent  in  an  acquired  form  of  those  in  adiposo-genital 
dystrophy ;  obesity  of  the  hypothalamo-pituitary  type,  namely, 
around  the  lower  abdomen,  gonadal  deficiencies  ascribed  to  pressure 
on  the  basophil  cells  in  the  pituitary,  namely ,  amenorrhoea  in  women, 
loss  of  sexual  desire  and  impotence  in  males,  low  blood-pressure, 
diminution  of  the  metabolic  rate  and  increased  sugar  tolerance. 
Polyuria  is  rare ;  this  has  been  explained  by  the  infrequency  with 
which  chromophobe  adenomas  involve  the  tuber  cinereum.  These 
symptoms  resemble  those  described  by  Claude  and  Gougerot  in 
1907  as  a  multiglandular  syndrome  [vide  p.  31). 

In  some  cases  there  are  early  acromegalic  changes,  ‘fugitive 
acromegaly’  (Bailey  and  Cushing,  1928),  before  those  of  hypo¬ 
pituitarism  appear,  and  due  to  the  presence  of  a  mixed  adenoma 
which,  though  predominantly  chromophobe,  has  a  peripheral  area  of 
eosinophil  cells,  suggesting  a  functional  retrogression  of  cells  pre¬ 
viously  eosinophilic  (Cushing,  1932),  a  clinical  condition  to  which  the 
term  dyspituitarism  should  be  applied  (Cushing,  1927).  The  symp¬ 
toms  of  hyperpituitarism  and  of  hypopituitarism  may  occur  syn¬ 
chronously  (Dott  and  Bailey).  These  mixed  cases  resemble  clinically 
the  sequence  of  toxic  goitre  and  exhaustion  myxoedema  and  their 
occasional  concomitant  appearance.  These  pituitary  tumours  of 
mixed  character  may  supply  an  affirmative  answer  to  the  question 
‘Did  Napoleon  Bonaparte  suffer  from  hypopituitarism  (dystrophia 
adiposo-genitalis)  at  the  close  of  his  life?’  in  an  article  in  1913  by 
Leonard  Guthrie  (1858-1918)  who  argued  in  favour  of  this  retrospec- 
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tive  diagnosis,  though  admitting  that  the  evidence  of  hyperpituitar¬ 
ism  at  an  early  stage  was  less  convincing.  The  neighbourhood 
symptoms  are  those  of  the  chiasma  syndrome :  primary  optic  atrophy, 
bitemporal  limitation  of  the  field  of  vision,  and  blindness. 

Radiological  examination  of  the  sella  turcica  shows  that  its  cavity 
is  enlarged  in  all  directions,  especially  in  the  antero-posterior 
diameter,  the  walls  atrophied  from  constant  pressure,  the  clinoid 
processes  thin  and  less  opaque  than  normal,  the  floor  horizontal,  and 
the  opening  enlarged  (Puech  and  Stuhl,  1934). 

Prognosis.  Operative  removal  of  a  soft  adenoma  may  in  fortu¬ 
nate  cases  be  followed  by  functional  recovery  of  the  other  cellular 
elements  of  the  pituitary  (Cushing,  1933).  In  1927  Cushing  stated 
that  operation  was  directed  to  the  preservation  or  recovery  of  vision 
rather  than  to  alter  any  existing  hypopituitary  symptoms;  in  1932 
his  operative  mortality  in  168  chromophobe  tumours  was  3-8  per 
cent. 

Bailey,  P.,  and  Cushing,  H.,  Am.  Journ.  Path.,  Boston,  1928,  iv.  545; 
Claude,  H.,  et  Gougerot,  H.,  Gompt.  rend.  Soc.  biol.,  Paris,  1907,  lxiii.  785; 
idem,  Journ.  physiol,  et  path,  gen.,  Paris,  1908,  xxviii.  861,  950;  idem,  XVII 
Internat.  Congr.  Med.  Lond.,  1913,  Sect.  Med.  part  2,  p.  174;  Cushing,  H., 
Brit.  Med.  Journ.,  1927,  ii.  8;  idem,  Lancet,  1930,  ii.  119;  idem,  Intracranial 
Tumours,  Springfield,  1932,  p.  75 ;  idem,  Arch.  Int.  Med.,  Chicago,  1933,  li.  487  ; 
Cushing,  H.,  and  Davidoff,  L.  M.,  Rockefeller  Institute  for  Medical  Research 
Monograph,  No.  23,  N.Y.,  1927,  p.  121;  Dott,  N.  M.,  and  Bailey,  P.,  Brit. 
Journ.  Surg.,  Bristol,  1925,  xiii.  314;  Guthrie,  L.,  Lancet,  1913,  ii.  823; 
Puech,  P.,  et  Stuhl,  L.,  Presse  med.,  Paris,  1934,  xlii.  1131,  1849;  Sheldon, 
J.  H.,  Lancet,  1934,  ii.  1031,  and  Haemochrornatosis,  Oxford  Univ.  Press, 
1935,  p.  136. 

Diabetes  Insipidus 

The  distinction  between  saccharine  and  non- saccharine  diabetes  is 
often  ascribed  to  Thomas  Willis  (1621-75),  who  in  1674  noted  the 
sweet  taste  of  diabetic  urine  and  thus  paved  the  way  to,  though  he 
did  not  draw,  the  distinction  between  diabetes  mellitus  and  other 
forms  of  polyuria.  J.  P.  Frank  (1745-1821)  in  1794  distinguished 
diabetes  spurius  or  insipidus  from  diabetes  verus  or  mellitus.  Robert 
Willis  (1799-1878)  in  1838  gave  an  account  of  several  forms  of 
diabetes  insipidus  according  to  the  associated  excretion  of  urea: 
hydruria  or  polyuria  with  a  normal  output  of  urea,  anazoturia  with  a 
diminished  quantity  of  urea,  and  azoturia  with  an  increased  amount 
of  urea.  William  Prout  (1785-1850)  in  1825  and  1840  described 
excess  of  urea,  often  with  excess  of  phosphates,  divided  into  those  (i) 
with  and  (ii)  without  polyuria;  but  he  regarded  this  condition  as 
distinct  from  diabetes  insipidus.  H.  W.  Fuller  (1820-73)  introduced 
the  term  ‘baruria’  for  urine  with  an  increase  in  all  the  solids  and 
without  polyuria  and  with  a  specific  gravity  of  1038  to  1045,  as  the 
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result  of  dyspepsia.  Tessier  described  phosphatic  diabetes,  and  Rose 
Bradford  (1863-1935)  in  1907  included  under  the  heading  of  diabetes 
insipidus  two  forms:  (1)  hydruria  in  which  the  aqueous  superflux  is 
most  marked,  and  (2)  polyuria  in  which  the  drain  of  one  or  more  of 
the  solid  contents  of  the  urine  is  persistent.  The  forms  known  as 
baruria,  phosphaturia,  and  what  Willis  called  azoturia,  do  not  come 
within  the  scope  of  diabetes  insipidus  as  now  generally  understood. 
The  condition  has  sometimes  been  described  as  polydipsia,  after  one 
of  the  most  prominent  symptoms  ;  Lacombe,  who  wrote  a  good  early 
account  of  the  disease  in  1841,  employed  this  title. 

Experimental  Polyuria.  Claude  Bernard  (1813-78)  in  1849  found 
that  injury  in  the  floor  of  the  fourth  ventricle,  a  little  anterior  to  the 
‘glycosuric’  centre  produced  polyuria;  injury  of  the  vermiform  pro¬ 
cess  of  the  cerebellum  (Eckhard,  1870)  and  other  parts  of  the  brain 
have  also  caused  polyuria.  Attention  was  later  directed  to  the  pitui¬ 
tary  ;  a  case  of  tuberculous  meningitis  with  a  caseous  nodule  involving 
the  infundibulum  was  reported  by  Hagenbach  in  1883,  who  did  not 
realize  the  significance.  In  1901  Magnus  (1872-1927)  and  Schafer 
(1850-1935)  found  that  intravenous  injection  of  pituitary  extract  was 
followed  by  an  extreme  degree  of  diuresis,  and  Schafer  and  Herring 
(1908)  showed  that  the  posterior  pituitary  contained  a  diuretic 
principle.  Transection  of  the  infundibulum  in  dogs  was  shown  to 
cause  transient  severe  polyuria  (Crowe,  Cushing,  and  Homans,  1910), 
and  a  silver  clip  on  the  infundibulum  had  the  same  effect  (Cushing 
and  Goetsch,  1910).  Failure  of  an  anti-diuretic  principle,  as  well  as 
excessive  secretion  of  the  diuretic  hormone  (Cushing,  1912),  has  been 
thought  to  cause  diabetes  insipidus.  Two  clinical  observations  on 
polyuria  may  be  mentioned :  Frank  (1912)  reported  a  case  of  polyuria 
in  a  man  who  had  been  shot,  X-rays  showing  a  bullet  involving  the 
sella  turcica ;  in  a  case  with  metastases  from  mammary  carcinoma 
there  was  a  growth  in  the  posterior  pituitary  (Simmonds,  1913).  Out 
of  9  cases,  4  were  ascribed  to  syphilis  (Futcher,  1929). 

In  1913  Camus  and  Roussy  began  their  work  showing  that  an 
injury  to  the  floor  of  the  third  ventricle,  and  not  to  the  pituitary,  was 
responsible  for  the  production  of  polyuria.  Abel  (1924)  suggested 
that  deficiency  of  a  hormone,  secreted  by  the  pars  intermedia  and 
posterior  pituitary,  which  controlled  the  removal  of  water  by  the 
kidneys  was  the  cause  of  polyuria. 

Diabetes  insipidus  may  thus  be  due  to  lesions  of  various  natures 
and  starting  in  several  different  positions  but  involving  the  hyj)o- 
thalamus,  especially  the  nucleus  supra -opticus. 

Ranson  and  his  co-workers  (1935)  showed  experimentally  that  per¬ 
manent  polyuria  could  only  be  produced  by  a  bilateral  injury  to  the 
supra:optico -hypophysial  system,  which  causes  well-marked  atrophy 
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of  the  supra-optic  nucleus  and  of  the  neuro -hypophysis.  The  supra¬ 
optic  nucleus  was  thought  to  send  impulses  to  the  neuro -hypophysis, 
and  polyuria  to  be  due  to  deficiency  of  the  anti -diuretic  principle. 

The  experimental  polyuria  produced  in  dogs  by  occlusion  of  the 
pituitary  stalk  by  means  of  a  silver  clip  was  abolished  by  subsequent 
total  thyroidectomy  and  re-established  by  the  oral  administration  of 
desiccated  whole  thyroid  (Mahoney  and  Sheehan,  1935). 

The  centres  for  water  metabolism  and  salt  metabolism  are  regarded 
as  being  separate,  and  this  view  may  bear  on  the  aetiology  of  two 
forms  of  diabetes  insipidus,  namely,  (1)  the  hyperchloraemic,  in 
which  chlorides  are  retained  in  the  body  and  hypodermic  injection  of 
pituitrin  is  effective,  and  (2)  hypochloraemic,  in  which  the  urinary 
output  of  chlorides  is  normal  or  above  normal,  and  pituitrin  has  not 
any  effect. 

Organic  lesions,  such  as  syphilitic  basic  meningitis  and  epidemic 
encephalitis,  have  in  some  instances  preceded  the  onset,  and  in  other 
cases  psychogenic  factors  have  been  incriminated.  In  some  instances 
a  distinct  hereditary  tendency  has  been  reported ;  among  220  mem¬ 
bers  in  5  generations  of  a  family,  35  were  affected  (Veil,  1923). 
Hereditary  cases  show  ‘anticipation’  or  an  earlier  age  incidence,  but 
are  comparatively  mild.  Males  are  affected  more  often  than  females. 

Clinical  Picture.  The  output  of  urine  is  from  5  pints  upwards  in 
the  24  hours ;  enormous  amounts  have  been  passed :  Trousseau  re¬ 
lated  the  case  of  a  man  who  passed  56  pints  in  the  day,  and  in 
children  the  weight  of  urine  passed  in  the  24  hours  may  equal  their 
own  weight.  The  urine  has  a  low  specific  gravity,  seldom  above  1005, 
is  often  of  a  pale-bluish  tint,  and  may  or  may  not  contain  a  small 
quantity  of  albumin.  Inosite  or  muscle  sugar  is  not  uncommonly 
present  and  is  said  to  be  washed  out  of  the  muscles.  Thirst  is  intense 
and  much  more  prominent  than  in  diabetes  mellitus,  and  it  is  cruel  to 
attempt  to  limit  the  intake  of  fluid.  Excessive  hunger  often  ac¬ 
companies  thirst.  Emaciation  occurs  in  the  advanced  stages  of  the 
disease.  The  temperature  is  depressed.  Constipation  is  common. 

Hypothyroidism  exerts  an  antagonistic  effect  on  diabetes  insipidus  ; 
Strauss  (1920)  reported  the  case  of  a  boy  who  became  the  subject  of 
diabetes  insipidus  when  9  years  old ;  4  years  later  the  polyuria  and 
excessive  thirst  gradually  disappeared  with  the  onset  of  myxoedema. 

Treatment.  Valerian  was  advocated  by  Trousseau,  who  gave  it  in 
enormous  doses ;  valerianate  of  zinc,  ergot,  trinitrin,  and  opium  all 
had  their  supporters.  In  1913  Farini  and  von  den  Velden  pointed  out 
the  inhibitory  power  exerted  by  extracts  of  the  posterior  lobe  over 
the  polyuria.  Hypodermic,  intra-muscular,  or  intravenous  injection, 
or  absorption  of  a  dry  snuff  preparation  from  the  nasal  cavities 
(Smith,  1934)  of  pitressin  or  pituigan,  abolished  polyuria  for  6  to  12 
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hours ;  oral  administration  is  useless.  Intermedin,  isolated  by  B. 
Zondek  and  Krohn  (1932)  from  the  pars  intermedia  and  possessing  a 
melanophore-expanding  action,  has  been  stated  to  have  an  anti¬ 
diuretic  effect  (Sulzberger,  1933)  and,  although  not  so  powerful  as 
pituitrin,  to  have  the  advantage  that  it  does  not  produce  unpleasant 
symptoms  (Turner,  1935).  The  substitutional  treatment,  however 
temporarily  successful,  is  not  a  cure,  and  indeed  in  this  respect  it 
resembles  insulin  in  diabetes  mellitus.  Restriction  of  salt  intake  has 
exerted  a  beneficial  effect  in  some  instances.  Curative  treatment  has 
been  most  successful  in  cases  of  a  syphilitic  origin.  Injection  of  nova- 
surol  has  been  found  to  exert  a  beneficial  effect,  and  good  results  have 
been  reported  by  Kahn  (1933)  from  the  oral  administration  of  ami¬ 
dopyrine  (pyramidon),  but  it  is  dangerous  as  it  may  cause  agranulo¬ 
cytosis.  Large  doses  of  oestrin  have  also  been  found  to  be  beneficial 
(Troisier,  1932). 
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S.  J .,  Cushing,  H.,  and  Homans,  J .,Bull.  J ohns  Hopkins  Hosp.,  Baltimore,  1910, 
xxi.  127;  Cushing,  H.,  The  Pituitary  Body  and  its  Disorders,  Phila.,  1912, 
p.  267;  Cushing,  H.,  and  Goetsch,  E.,  Am.  Journ.  Physiol.,  Boston,  1910, 
xxvii.  60;  Eckhard,  C.,  Beitr.  z.  Anat.,  u.  Physiol.  (Eckhard),  Giessen,  1870, 
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Other  Morbid  Conditions 

Tuberculosis  of  the  pituitary  was  recorded  as  a  rarity  by  Beck 
(1835),  Rokitansky  (1850),  and  Wagner  (1829-88)  in  1862.  In  1893 
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Boyce  (1863-1911)  and  Beadles  (1867-1933)  reported  ‘a  tuber¬ 
cular-like  granuloma’.  Hueter  in  1905  in  describing  a  case  with 
tuberculous  meningitis  reviewed  the  subject,  and  referred  to  a  case 
published  by  M.  B.  Schmidt  (1898).  In  1912  Heidkamp  collected  9 
examples,  and  Cerise  reported  a  large  tuberculous  pituitary.  In  1914 
Simmonds  published  5  cases  (4  in  children  with  tuberculous  menin¬ 
gitis)  which  he  had  examined  in  1913.  It  has  been  reported  in 
Simmonds’s  disease  by  Schlagenhaufer  (1866-1930)  in  1916.  Letch- 
worth  in  1924  described  a  tuberculous  mass  surrounding  the  pituitary, 
the  optic  chiasma,  tracts  and  nerves,  and  extending  into  the  left 
orbit.  The  miliary  form  is  haematogenous  ;  the  caseous  tuberculomas 
may  be  due  to  spread  from  the  adjacent  bones  or  meninges. 

Actinomycosis  of  the  pituitary  and  the  leptomeninges  was  found 
in  the  body  of  a  patient  with  the  symptoms  of  diabetes  insipidus 
(Zajewloschin,  1932). 
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Beadles,  C.  F.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1893,  i.  365;  Cerise,  Rev. 
neurol.,  Paris,  1912,  xxiii.  227;  PXeidkamp,  H.,  Virchows  Arch.,  1912,  ccx.  445; 
Hueter,  C.,  ibid.,  1905,  clxxxii.  219;  Letchworth,  T.  W.,  Brit.  Med.  Journ., 
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Sydenham  Soc.,  1850,  iii.  433;  Schlagenhaufer,  F.,  Virchows  Arch.,  1916 
ccxxii.  249;  Schmidt,  M.  B.,  Ergebn.  d.  allg.  Path.  u.  path.  Anat.,  Jena,  1914, 
xxv.  194;  Wagner,  E.,  Arch.  d.  Heilk.,  Leipz.,  1862,  iii.  381 ;  Zajewloschin, 
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Syphilis.  In  congenital  syphilis  the  pituitary  was  found  by 
Lancereaux  (1873)  to  be  enlarged  and  fibrosed;  Schmidt  (1914) 
estimated  that  lesions  occurred  in  47  per  cent.,  and  out  of  12  cases 
5  showed  changes  such  as  interstitial  proliferation,  miliary  gummata, 
and  focal  necroses  (Simmonds,  1914).  Fibrosis  of  the  anterior  lobe, 
the  posterior  being  normal,  in  a  female  dwarf  aged  51,  dead  of 
cerebral  haemorrhage,  was  ascribed  to  congenital  syphilis  (Katzen- 
stein,  1933). 

Gummatous  change  appears  to  have  been  first  described  by 
Virchow  (1858)  and  by  Gros  and  Lancereaux  (1861) ;  Weigert  gave 
the  first  histological  account.  Other  cases  were  recorded  by  Barbacci 
(1891),  Beadles  (1897),  and  Llektoen  (1897),  and  Skubiszewski  (1924) 
collected  25  cases  verified  by  necropsy.  In  only  5  out  of  25  cases  was 
the  diencephalon  affected  (Fink,  1933) ;  a  combination  with  syphilitic 
basal  meningitis  has  occurred  (Skubiszewski). 

Most  of  the  cases  found  at  necropsy  were  not  suspected  before 
death,  and  nearly  all  the  examples  diagnosed  clinically  have  not  been 
confirmed.  Diagnosis  is  difficult ;  importance  has  been  attached  to  the 
presence  of  third  cranial  nerve  paralysis  and  of  amenorrhoea  (Fink) ; 
Reye  (1920)  referred  to  6  cases  with  adiposo-genital  dystrophy, 
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and  tertiary  lesions  have  been  associated  with  Simmonds’s  disease 
(vide  p.  120).  Exophthalmos  has  been  recorded  (Delord,  1932). 

Lymphocytic  infiltration  of  the  pitnitary  has  been  described  in  a 
number  of  cases  without  any  definite  clinical  correlation  or  causation 
(Simonds  and  Brandes,  1925). 

Barbacci,  O.,  Sperirnentale,  Firenze,  1891,  xlv.  364;  Beadles,  C.  F.,  Trans. 
Path.  Soc.  Lond.,  1897,  xlviii.  1 ;  Delord,  E.,  Arch,  d'opht.,  Paris,  1932,  xlix. 
799;  Fink,  E.  B.,  Arch.  Path.,  Chicago,  1933,  xv.  631;  Hektoen,  L.,  Trans. 
Chicago  Path.  Soc.,  1897,  ii.  129;  Hunter,  W.,  Trans.  Path.  Soc.  Lond.,  1898, 
xlix.  249;  Gros,  L.,  et  Lancereaux,  E.,  Des  affections  nerveuses  syphilitiques, 
1861,  p.  124;  Katzenstein,  R.,  Virchows  Arch.,  1933,  cclxxxix.  222;  Reye,  L., 
Med.  Klinik,  Berlin,  1920,  xvi.  1313;  Schmidt,  M.  B.,  Verhandl.  d.  deutsch. 
path.  Gesellsch.,  1914,  vi.  207 ;  Simonds,  J.  P.,  and  Brandes,  W.  W.,  Am. 
Journ.  Path.  Boston,  1925,  i.  278;  Simmonds,  M.,  Dermat.  Wchnschr.,  1914, 
lviii.  104;  Skubiszewski,  F.,  Rev.  neurol.,  Paris,  1924,  xxxi,  ii.  327 ;  Virchow, 
R.,  Virchows  Arch.,  1858,  xv.  299;  Weigert,  C.,  ibid.,  1875,  lxv.  223. 

Secondary  Pituitary  Lesions.  In  addition  to  morbid  lesions 
arising  primarily  in  the  pituitary  and  causing  symptoms  of  an  endo¬ 
crine  or  of  a  mechanical  character,  conditions  outside  the  pituitary 
may  involve  it  and  so  give  rise  to  symptoms  superimposed  on  those 
of  the  original  disease. 

As  the  bony  wall  between  the  pituitary  and  the  sphenoid  sinus  may 
be  as  thin  as  a  sheet  of  paper  infection  may  spread  to  the  pituitary, 
and  it  is  arguable  that  hypopituitarism  or  other  changes  in  the 
character  of  the  hormones  of  the  pituitary  may  follow.  Pickworth 
(1932)  associated  bacterial  infection  of  the  pituitary  with  epilepsy, 
and  Watson- Williams  (1933)  discussed  the  importance  of  the  spread 
of  focal  infection  to  the  pituitary.  Simonds  (1925)  collected  seven 
cases  of  abscess  due  to  spread  of  infection  from  the  sphenoidal  sinuses, 
the  earliest  of  his  series  being  reported  as  ‘  hypertrophy  with  abscess  ’ 
by  Heslop  in  1848,  but  this  was  probably  a  softened  and  haemor¬ 
rhagic  adenoma.  Suppuration  may  also  be  due  to  infective  emboli 
and  the  suppurating  foci  in  the  pituitary  may  be  multiple.  In  a 
patient  with  polyuria  and  epileptic  attacks  the  pituitary  was  almost 
destroyed  by  an  abscess  and  the  tuber  cinereum  and  hypothalamus, 
though  to  the  naked  eye  normal,  showed  inflammatory  infiltration 
(Camus,  Roussy,  and  Le  Grand,  1922). 

It  has  rather  optimistically  been  suggested  that  infection,  damage, 
or  stimulation  of  the  nasopharynx,  by  influencing  the  accessory  pharyn¬ 
geal  pituitary,  may  exert  an  effect,  deleterious  or  possibly  even  benefi¬ 
cial,  on  the  whole  hypophysial  system  (Citelli,  1912  ;  Bryant,  1916). 

In  xanthomatosis,  a  disorder  of  lipoid  metabolism  with  hyper- 
cholesterolaemia,  the  pituitary  may  be  secondarily  so  much  infiltrated 
that  signs  of  its  functional  disturbance  result.  The  eponymous  syn- 
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drome  of  Hand-Schuller-Christian  or  cranio-hypophysial  xantho¬ 
matosis  (Lesne,  Lievre,  and  Boquien,  1933)  has  an  interesting  history ; 
the  first  case,  according  to  Fraser  and  Greig  (1935),  appears  to  have 
been  reported  in  1865  as  congenital  deficiency  of  the  skull  by  Thomas 
Smith  (1833-1909) ;  Hand  in  1893  recorded  a  case  as  polyuria  and 
tuberculosis,  and,  after  another  long  interval,  in  1916,  Schuller  de¬ 
scribed  2  cases,  one  with  adiposo-genital  dystrophy,  the  other  with 
diabetes  insipidus,  showing  radiologically  bony  defects  due  to  pitui¬ 
tary  disease.  In  1919  Christian  gave  an  account,  mentioning  Schuller’s 
cases,  of  an  ‘  almost  unique  ’  condition — ‘  defects  in  membranous 
bones,  exophthalmos,  and  diabetes  insipidus,  an  unusual  syndrome 
of  dyspituitarism In  1928  Rowland  collected  14  cases  and  made 
the  important  generalization  that  this  syndrome  is  a  result  of 
xanthomatosis — namely,  a  lipoid  change  in  the  cells  of  the  reticulo¬ 
endothelial  system — and  so  allied  to  Gaucher’s  disease,  Niemann- 
Pick  disease,  and  amaurotic  family  idiocy.  After  this  the  records 
of  cases  rapidly  increased ;  in  1930  12  examples  were  reported,  in 
1932  50  cases  were  collected  by  Chester  and  Kugel  who  called  it 
lipoid  granulomatosis  (type  Hand-Schuller-Christian).  Early  in  1933 
Lesne,  Lievre,  and  Boquien  added  more  examples,  pointed  out  that 
cases  formerly  published  under  various  headings  (among  them  that 
reported  in  1893  by  Hand)  can  be  retrospectively  recognized,  called 
it  cranio-hypophysial  xanthomatosis,  and  insisted  on  the  occurrence 
of  developmental  disorders,  such  as  dwarfism,  due  to  xanthomatous 
change  in  the  hypophysis,  the  infundibulum,  and  the  adjacent  base 
of  the  brain. 

Leukaemic  infiltration  of  the  pituitary  was  reported  in  a  case  of 
aleukaemic  leukaemia  in  which  diabetes  insipidus  supervened 
(Goodall  and  Rogers,  1927). 

The  tumours  of  neurofibromatosis  (von  Recklinghausen’s  disease) 
may  involve  the  pituitary  and  give  rise  either  to  acromegaly  or  to 
adiposo-genital  dystrophy. 

The  disease  hepato-nephromegalia  glycogenica,  thesauriomosis 
glycogenica,  or  glycogen-storage  disease,  described  by  von  Gierke  in 
1929,  consists  in  a  retention  of  glycogen,  especially  in  the  liver  which 
is  greatly  enlarged,  infantilism,  absence  of  splenomegaly,  and  the 
presence  of  hypoglycaemia.  Hertz  (1933)  suggested  that  both  the 
disturbance  of  carbohydrate  metabolism  and  the  infantilism  are 
secondary  to  disorder  of  the  pituitary  together  possibly  with  that  of 
the  midbrain,  and  regarded  it  as  exactly  the  opposite  of  acromegaly 
with  glycosuria. 

Bryant,  W.  S.,  Med.  Rec.,  N.Y.,  1916,  xc.  441;  Camus,  J.,  Roussy,  G.,  et 
Le  Grand,  A.,  Compt.  rend.  Soc.  biol.,  Paris,  1922,  lxxxvi.  719;  Chester,  W., 
and  Kugel,  V.  H.,  Arch.  Path.,  Chicago,  1932,  xiv.  595;  Christian,  H.  A., 
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Contributions  to  Medical  and  Biological  Research,  dedicated  to  Sir  William  Osier, 
N.Y.,  1919,  i.  390 ;  Citelli,  S  .,Riv.  ital.di  neuropat.,  1911-12,  iv.  480, 529 ;  Fraser, 
J Brit.  Journ.  Surg.,  Bristol,  1934-5,  xxii.  800 ;  Gierke,  E.  von,  Beitr.  z.  path. 
Anat.  u.  z.  allg.  Path.,  Jena,  1929,  lxxxii.  49;  Goodall,  J.  S.,  and  Rogers,  L., 
Lancet,  1927,  i.  486;  Hand,  A.,  Proc.  Phila.  Path.  Soc.,  1891-3,  xvi.  282;  idem, 
Arch.  P ediat.,  1893,  x.  673 ;  Hertz,  W.,  Klin.  Wchnschr.,  1933,  xii.  1 144  ;  Heslop, 
T.  P.,  Dublin  Quart.  Journ.  Med.  Sc.,  1848,  vi.  466;  Lesne,  E.,  Lievre,  J.  A., 
et  Boqtjien,  Y.,  Presse  med.,  Paris,  1933,  xli.  138;  Pickworth,  F.  A.,  Journ. 
Ment.  Sc.,  Lond.,  1932,  lxxviii.  653 ;  Rowland,  R.  S.,  Arch.  Int.  Med.,  Chicago, 
1928,  xliii.  611 ;  Schuller,  A.,  Fortschr.  a.  d.  Geb.  d.  Rontgenstr.,  1915-16,  xxiii. 
12;  Simonds,  J.  P.,  Endocrinol.,  Los  Angeles,  1925,  ix.  117;  Smith,  T.,  Trans. 
Path.  Soc.  Lond.,  1865,  xvi.  224;  Watson- Williams,  P.,  Chronic  Nasal  Sinu¬ 
sitis  in  its  Relation  to  General  Medicine,  Bristol,  1933,  p.  23. 


Arterial  Hypertension  and  Eclampsia 

I  he  hypothesis  that  excessive  secretion  of  a  pressor  principle 
(vaso-pressin  or  pitressin)  by  the  posterior  pituitary  may  cause 
essential  hypertension  corresponds  to  the  view  that  over-production 
of  adrenaline  has  this  effect.  Etienne  and  Parisot  (1908)  reported 
that  prolonged  experimental  intravenous  injection  of  pituitary 
extract  caused  hypertrophy  of  the  left  ventricle  but  not  the  aortic 
atheroma  produced  by  adrenaline.  Hofbauer  (1918)  ascribed 
eclamptic  convulsions  to  cerebral  anaemia  caused  by  arterial  spasm 
due  to  overactivity  of  the  hypophysis-adrenal  system.  That  the 
posterior  pituitary  was  responsible  for  eclampsia  and  for  a  non¬ 
inflammatory  change  in  the  kidneys  with  albuminuria  was  argued  by 
Hoffmann  and  Anselmino  (1931),  and  Hoffmann,  Anselmino,  and 
Kennedy  (1932)  who  described  an  excess  of  both  the  anti-diuretic 
and  the  pressor  principles  in  the  blood.  Kraus  and  Traube  (1928) 
found  an  increased  number  of  eosinophil  cells  in  the  pituitary  in  cases 
with  high  blood-pressure,  and  a  diminished  number  of  these  cells  in 
cases  of  low  blood-pressure.  Cushing  (1933)  argued  that  the  posterior 
pituitary  when  infdtrated  by  basophil  cells  from  the  pars  intermedia 
provided  a  hormone  which  caused  hypertension  and  eclampsia. 
Russell,  Evans,  and  Crooke  (1934)  correlated  pituitary  basophilic 
adenoma,  but  not  basophil  cell  invasion  of  the  posterior  lobe,  with 
a  raised  blood-pressure.  On  the  other  hand  the  view  that  basophil- 
celled  invasion  of  the  posterior  lobe  is  responsible  for  high  blood- 
pressure  has  been  much  contested;  Spark  (1935)  from  examination 
of  189  pituitaries  and  correlation  of  their  histological  condition  with 
the  clinical  features  concluded  that  basophil  infiltration  does  not 
bear  any  relation  to  high  blood-pressure.  The  basophil  infiltration 
of  the  neuro-hypophysis  appeared  to  be  mainly  determined  by  age, 
but  men  in  the  prime  of  life  show  the  change  more  often  than  women, 
from  examination  of  human  cerebrospinal  fluid,  into  which  the  secre¬ 
tion  of  the  posterior  lobe  is  believed  to  be  poured,  Hoyle  (1933)  did 
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not  obtain  any  evidence  that  excess  of  pituitrin  is  associated  with 
essential  or  with  renal  hypertension.  Theobald  (1934)  brought  for¬ 
ward  evidence  against  the  view  that  over-activity  of  the  posterior 
lobe  is  responsible  for  arterial  hypertension  and  eclampsia,  and 
Hurwitz  and  Bullock  (1935)  failed  to  find  pressor  and  anti-diuretic 
substances  in  the  blood  of  patients  with  the  toxaemia  of  pregnancy. 

Cushing,  H.,  Am.  Journ.  Path.,  Boston,  1933,  ix.  539 ;  Etienne,  G.  et  Parisot, 
J.,  Arch,  de  rned.  exper.  et  d'anat.  path.,  Paris,  1908,  xx.  423;  Hofbauee,  J., 
Zentralbl.  f.  Gynak.,  1918,  xlii.  745;  Hoffmann,  F.,  und  Anselmino,  K.  J., 
Klin.  Wchnschr.,  Berlin,  1931,  x.  1438,  1442  ;  Hoffmann,  F.,  Anselmino,  K.  J., 
and  Kennedy,  W.  P.,  Edin.  Med.  Journ.,  1932,  xxxix.  376;  Hoyle,  C., 
Quart.  Journ.  Med.,  Oxford,  1933,  n.s.,  ii.  549;  Hurwitz,  D.,  and  Bullock, 
L.  T.,  Am.  Journ.  Med.  Sc.,  Phila.,  1935,  clxxxix.  613;  Kraus,  E.  J.,  und 
Traube,  O.,  Virchows  Arch.,  1928,  cclxviii.  315;  Theobald,  G.  W.,  Clin.  Sc., 
Lond.,  1934,  i.  225;  Russell,  D.,  Evans,  K.,  and  Crooke,  A.  C.,  Lancet,  1934, 
ii.  240;  Spark,  C.,  Arch.  Path.,  Chicago,  1935,  xix.  473. 


CHAPTER  IV 

THE  THYROID 


History.  The  thyroid  was  described  by  Galen  (a.d.  1.30-200)  in  his 
De  I  oce,  but  was  neglected  until  a  fuller  account  of  it  was  given 
by  Vesalius  (1514-64)  in  1543;  Giulio  Casserio  (1561-1616),  also 
professor  of  anatomy  at  Padua,  regarded  it  as  a  single  organ  in  two 
parts,  and  concluded  that  it  had  not  an  excretory  duct  (1601). 
Bartholomaeus  Eustachius  (1520-75)  called  it  the 4  glandula  laryngea  ’ 
and  applied  the  name  'isthmus ’  to  the  part  connecting  the  two  lobes. 
In  1656  Thomas  Wharton  (1614-73), 1  giving  it  the  name  ‘thyroid’ 
(dvP€os  =  an  oblong  shield),  wrote:  ‘it  contributes  much  to  the 
rotundity  and  beauty  of  the  neck,  filling  up  the  vacant  spaces  round 
the  larynx,  and  making  its  protuberant  parts  almost  to  subside,  and 
become  smooth,  particularly  in  females,  to  whom  for  this  reason  a 
larger  gland  has  been  assigned,  which  renders  their  necks  more  even 
and  beautiful.’ 

In  connexion  with  th epomum  Adami  Thomas  Gibson  (1647-1722) 
in  1682  quoted  the  ‘idle  fable  that  part  of  the  fatal  apple  by  God’s 
judgement  stuck  in  Adam’s  throat  and  made  the  cartilage  to  jet  out 
and  the  protuberance  propagated  to  posterity  being  greater  in  man 
than  in  woman’.  William  Cowper  (1666-1709)  in  1698  concluded 
that  the  thyroid  had  the  same  office  ’  as  the  thymus  which  he 
regarded  as  a  lymphatic  gland  for  the  upper  part  of  the  body. 
J.  \  ercelloni  (1676—  )  of  Asti  in  1/11  stated  that  the  thyroid  was 

a  receptacle  for  worms,  the  ova  of  which  mixed  with  the  chyle  and 
passed  by  ducts  into  the  oesophagus.  Heister  (1683-1758)  refuted 
this  in  1717.  Galen  considered  that  it  provided  a  lubricating  fluid  to 
the  larynx  and  its  cartilages  to  facilitate  speech ;  this  was  long 
accepted,  for  example,  by  T.  Bartholin  (1616-80),  Malpighi  (1628-94), 
Pierre  Dionis  (obiit  1718).  Morgagni  (1682-1771 )  in  1761  and  others 
believed  that  it  had  a  duct  opening  into  the  trachea-artery,  the 
pharynx,  or  on  to  the  foramen  caecum  of  the  tongue,  thus  uncon¬ 
sciously  anticipating  the  embryological  knowledge  that  the  thyroid 
is  developed  from  the  pharynx  between  the  second  and  third  pharyn¬ 
geal  pouches ;  possibly  he  may  have  observed  the  pyramidal  lobe 

There  were  two  other  Thomas  Whartons  in  the  same  family,  namely,  a  son 
(1669-1714)  and  a  grandnephew  (1717-94)  of  the  author  of  Adenographia,  who 
were  Cambridge  medical  graduates.  Norman  Moore  (1847-1922)  in  a  short  essay 
presented  to  the  fellows’  Club  of  the  Royal  College  of  Physicians  of  London, 
January  30,  1913,  added  a  considerable  amount  of  information  to  that  available 
in  Munk’s  Roll  of  the  College  about  Thomas  Wharton  (1717-94)  the  corre¬ 
spondent  of  Thomas  Gray,  the  poet. 
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(the  pyramid  of  Lalouette)  or  a  persistent  thyroglossal  duct. 
A.  Portal  (1742-1832),  who  often  looked  in  vain  for  any  such 
duct,  pointed  out  that  analogy  was  responsible  for  the  description 
of  this  imaginary  structure. 

Casserio,  G.,  De  vocis  auditusque  organis  historia  anatomica,  Ferrara,  1601 ; 
Cowper,  W.,  The  Anatomy  of  Humane  Bodies,  Oxford,  1698;  Eustachius,  B., 
Tabxdae  anatomicae,  Praefat.,  notisque  illustr.  Jo.  M.  Lancisius,  Romae,  1714; 
Gibson,  T.,  The  Anatomy  of  Humane  Bodies  epitomized,  Lond.,  1682;  Heister, 
L.,  Compendium  anatomicum,  Altorf  Noricormn,  1715,  p.  70;  Portal,  A., 
Cours  d'anatomie  med.,  Paris,  1803,  tome  iv,  p.  563;  Vercelloni,  J.,  De 
gland ulis  oesophagi  conglomerate,  Asti,  1711;  Vesalius,  A.,  De  hurnani  Cor¬ 
poris  Fabrica,  Basil,  1543,  lib.  vi,  cap.  iv;  Wharton,  T.,  Adenographia,  sive 
glandularum  totius  corporis  descriptio,  Bond.,  1656,  p.  119. 

Embryology.  There  has  been  some  change  of  opinion  during  the 
last  fifty  years  about  the  development  of  the  thyroid  in  man.  His 
(1831-1904)  in  1885  from  examination  of  human  embryos  described 
a  double  origin:  (1)  a  median  diverticulum,  at  first  hollow  and 
apparently  a  duct  but  soon  becoming  solid,  from  the  floor  of  the 
primitive  mouth,  which  about  the  fourth  week  of  foetal  life  passed 
downwards  to  the  level  of  the  fourth  pair  of  branchial  pouches  and 
formed  the  isthmus  of  the  thyroid  and  also  the  pyramidal  lobe  when 
present;  this  median  tubular  outgrowth  then  fused  with  (2)  the 
two  solid  lateral  thyroid  ‘anlagen’  which  became  the  lateral  lobes. 
In  1891  he  modified  this  account  by  stating  that  the  median  ento- 
dermal  outgrowth  bifurcated  at  its  lower  end  to  form  with  the  lateral 
thyroid  rudiments  the  lateral  lobes  of  the  gland  and  its  isthmus. 
Later  Maurer  (1899),  Grosser  (1910),  and  others  showed  that  the  so- 
called  lateral  thyroid  bodies  do  not  take  any  part  in  the  formation 
of  the  lateral  lobes  of  the  thyroid ;  they  form  the  ultimate  branchial 
or  post-branchial  structures  which  should  disappear  about  the  seventh 
month  of  foetal  life,  but  sometimes  persist  and  then  may  give  rise 
to  cysts  containing  colloid  surrounded  by  tissue  resembling  the 
thymus  (Woollard,  1932). 

In  1932  Woollard  described  the  thyroid  as  arising  from  the  median 
entoderm  of  the  pharyngeal  floor  anteriorly  j  ust  behind  the  stomo- 
doeal  membrane  on  a  level  with  the  first  arch  growing  ventrally  and 
caudally.  The  development  of  the  thyroid  depends  on  stimulation 
from  the  anterior  pituitary,  for  after  experimental  removal  of  the 
anterior  pituitary  the  thyroid  remains  in  a  rudimentary  condition. 

The  time  when  colloid  appears  in  the  follicles  has  been  investigated 
on  many  occasions.  Wolfler  (1880)  explained  its  absence  at  birth  in 
feeble  and  stillborn  infants  as  due  to  arrest  of  normal  development ; 
Cooper  (1925)  described  the  follicles  as  empty  and  devoid  of  colloid. 
Hesselberg  (1910)  found  the  follicles  at  birth  to  contain  desquamated 
cells.  Elkes  (1903)  described  colloid  in  foetal  life,  but  found  that  it 


144 


THE  THYROID 

disappeared  at  birth.  Meroz-Tydman  (1910)  concluded  that  colloid  is 
present  in  foetal  life  and  normally  in  the  new-born,  its  absence  being 
due  to  abnormal  conditions.  Ian  Murray  (1927)  from  examination  of 
70  thyroids  from  stillborn  and  new-born  infants  came  to  the  conclusion 
that  when  the  thyroid  was  examined  soon  after  birth  it  was  normal 
and  contained  colloid,  but  that  if  the  examination  was  delayed  for 
24  hours  after  death  degenerative  changes  and  disappearance  of  col¬ 
loid  supervened.  Krinskaja  (1932)  found  colloid  present  in  47  out 
of  50  new-born  infants. 

Its  origin  from  the  pharyngeal  entoderm  suggests  that  the  thyroid 
might  once  have  had  an  external  secretion,  and  Keith  (19,33)  con¬ 
sidered  it  reasonable  to  believe  that,  like  the  pancreas,  all  glands 
once  had  both  internal  and  external  secretions. 

The  Thyroglossal  Duct  or  Canal  of  His.  The  median  diverticulum 
may  persist;  J.  B.  Sutton  (1889)  estimated  that  this  occurred  in 
one- tenth  of  human  subjects.  The  thyroglossal  duct  is  composed 
of  (i)  the  upper  part  from  the  foramen  caecum  of  the  tongue  to  the 
hyoid  bone  ;  this  portion  normally  disappears  at  the  beginning  of  the 

second  month  of  foetal  life  (Keith)  and  (ii)  of  the  thyroid  duct  or 
pyramidal  lobe. 

^The  lingual  duct  was  described  in  1723  by  Abraham  Vater  (1684- 
1751),  who  was  successively  professor  of  anatomy  and  botany  (1719), 
of  pathology  (1739),  and  of  therapeutics  (1746)  at  Wittenberg.  Kan- 
thack  (1863-98)  in  1891  from  dissection  of  more  than  100  adults  and 
60  infants  and  foetuses  (from  2\  to  8  months)  denied  the  existence  of 
any  developmental  connexion  between  the  tongue  and  the  thyroid, 
and  never  found  the  so-called  ‘lingual  duct.’ 

The  persistent  thyroglossal  duct  may  contain  a  cavity  lined  in  the 
portion  (lingual  duct)  above  the  hyoid  bone  by  squamous  epithelium 
and  below  that  bone  by  ciliated  columnar  cells.  Retention  cysts  may 
form  m  the  middle  line,  and  if  they  leak  or  are  merely  opened 
may  remain  as  fistulae  discharging  mucus  or  muco-pus,  and  the 
lining  of  the  fistula  become  modified  from  that  of  the  original  cavity 
These  cysts  may  appear  anywhere  in  the  middle  line  between  the 
foramen  caecum  and  the  suprasternal  notch.  C.  F.  Marshall  (1891) 
and  H.  E.  Durham  (1894)  brought  forward  evidence  that  median 
fistulae  in  the  neck  are  due  to  changes  in  persistent  thyroglossal 
ducts  and  not  to  failure  of  the  sinus  cervicalis  to  close,  as  Lannelongue 
and  Achard  (1886),  von  Kostanecki  and  von  Mielecki  (1890),  and 
Kanthack  (1891)  stated.  These  cysts  and  fistulae  are  commoner 
than  those  of  branchial  origin  which  are  lateral  in  position,  just 
anterior  to  the  sternomastoid  muscle.  Complete  excision  of  the 
thyroglossal  duct  is  essential;  mere  incision  of  a  cyst  leads  to  a 
troublesome  fistula. 
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Entwickelung  und  den  Bau  der  Schilddr use,  Berlin,  1880;  Woollard,  H.  H., 
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Anatomy.  The  thyroid  usually  weighs  about  1  \  oz.  and,  as  pointed 
out  by  Realdus  Columbus  (1516-59)  in  1562,  is  relatively  larger  in 
the  female  than  in  the  male,  and  in  early  than  in  adult  life,  the  pro¬ 
portion  to  the  total  body  weight  being  estimated  as  1  to  400  at  birth, 
and  1  to  1,800  in  adult  life.  The  gross  anatomy  of  the  thyroid,  apart 
from  disease,  may  vary  considerably.  There  may  be  absence,  at 
least  to  the  naked  eye,  of  the  gland,  when  all  the  thyroid  tissue  is 
concentrated  around  the  foramen  caecum  of  the  tongue  in  a  lingual 
thyroid.  The  two  lobes  may  be  separate  from  absence  of  the  isthmus ; 
Marshall  (1895)  found  this  in  6,  or  10  per  cent,  out  of  60  children 
under  ten  years  of  age.  The  presence  of  a  pyramidal  lobe  is  most 
frequent  in  goitrous  districts  and  appears  to  be  part  of  the  response 
to  increased  functional  need  for  thyroid  tissue  at  the  period  of  em¬ 
bryonic  life  when  it  is  normally  absorbed  (Marine,  1928).  Streckeisen 
(1886),  working  at  Bale  where  goitre  is  endemic,  found  a  pyramidal 
lobe  in  104,  or  68  per  cent,  of  153  bodies,  and  that  unless  the  pregnant 
mothers  were  given  iodine  the  infants  had  persistent  pyramidal  lobes. 
Marshall  noted  its  presence  in  24,  or  40  per  cent.,  of  the  60  children 
under  the  age  of  10  years.  It  has  been  stated  to  be  least  frequent  on 
the  sea  coast.  In  rare  instances  it  has  been  double  or  forked,  one  for 
each  lobe.  Complete  absence  of  one  lobe  is  rare ;  Pemberton  and 
McCaughan  (1933)  collected  23  cases  of  this  hemi-aplasia. 

Like  the  other  endocrine  glands,  the  thyroid  is  extremely  vascular  ; 
it  has  been  estimated  that  its  blood  supply  is  relatively  three  to  four 
times  richer  than  that  of  the  brain  (Mayo  and  Plummer,  1923).  The 
superior  thyroid  artery  is  the  primitive  artery,  like  the  sciatic  in  the 
lower  limb,  and  is  constantly  present ;  but  the  inferior  thyroid  which 
runs  from  the  thyroid  axis  to  the  hilum  and  is  usually  the  larger 
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(L.  Rogers,  1929),  is  said  to  be  absent  in  10  per  cent,  of  bodies 
(Braine  and  Funck-Brentano,  1934).  The  thyroidea  ima  artery,  which 
was  described  in  1772  by  two  separate  Jena  workers,  Erdmann  and 
Neubauer,  is  present  in  about  10  per  cent,  of  bodies.  It  was  more 
important  in  the  last  century  when  tracheotomy  for  diphtheria  was 
a  common  event. 

The  thyroid  is  well  supplied  with  lymphatics  which  are  large  and 
drain  into  glands  over  a  wide  area,  those  in  front  of  the  larynx, 
those  between  the  carotid  and  the  internal  jugular  vein  at  the  ievel 
of  the  superior  angle  of  the  thyroid  cartilage,  the  deep  cervical 
glands,  and  the  tracheal  and  retrosternal  glands. 

The  nerve-supply  comes  from  the  middle  and  inferior  cervical 
ganglia  of  the  sympathetic. 

Histology.  L  ntil  about  the  last  third  of  the  last  century  know¬ 
ledge  of  the  histological  structure  of  the  tissues  was  obtained  by 
microscopical  examination  of  emulsions  or  scrapings  of  the  organs, 
and  not  from  thin  sections  cut  with  a  razor,  and  hence  the  minute 
anatomy  was  very  imperfectly  known;  for  example  Goodsir  (1814- 
67)  of  Edinburgh,  to  whom  Virchow  dedicated  the  first  edition  of 
his  Cellular -Pathologie  (1859)  as  ‘one  of  the  earliest  and  most  acute 
observers  of  cell  life  both  physiological  and  pathological’,  stated  in 
1846  that  the  thyroid,  adrenals,  and  thymus  all  had  essentially  the 
same  structure,  namely,  masses  of  nucleated  cells.  In  the  intro¬ 
ductory  article  on  general  methods  of  investigation  in  his  Manual  of 
Human  and  Comparative  Histology  (1870)  Strieker  (1834-98)  stated 
that  ‘  it  is  only  in  some  rare  instances  that  sections  can  be  made  of 
animal  tissues  ’. 

P.  Lalouette  (1711-92)  in  1750  was  the  first  to  draw  attention  to 
the  minute  structure  of  the  gland  by  stating  that  its  vesicles  com¬ 
municated  with  each  other;  in  1841  A.  Bardeleben  described  the 
vesicles  as  completely  closed.  Cruveilhier  (1791-1873)  in  1843  and 
Virchow  (1821-1902)  supported  Lalouette’s  view;  but  in  1852 
C.  Handheld  Jones  (1819-90)  agreed  with  Bardeleben,  as  did  Baber 
in  1882.  In  this  century  G.  E.  Wilson  (1927)  and  Rienhoff  (1930)  by 
means  of  reconstructed  wax-plate  models  from  serial  sections  con¬ 
firmed  Handheld  Jones's  description  of  the  vesicles.  In  1889  Biondi 
and  also  Langendorff  traced  globules  of  colloid  out  of  the  epithelial 
cells  into  the  lumen  of  the  vesicles.  In  1867  Virchow  pointed  out 
the  presence  between  the  vesicles  of  undifferentiated  epithelial  cells 
which  he  regarded  as  buds  from  the  cubical  epithelium  lining  the 
vesicles.  In  1880  Anton  Wolher  (4850-1917),  Billroth's  hrst  assistant 
in  Vienna  and  later  professor  of  surgery  at  Graz  and  Prag,  described 
this  condition  of  young  epithelial  tissue  containing  colloid  as  foetal 
rests  ;  some  writers  have  regarded  this  description  as  one  of  intra- 
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thyroid  parathyroids.  Recent  workers  (Norris,  1916 ;  Wilson,  1927  ; 
Reinhoff,  1927)  summed  up  against  Wolfler’s  hypothesis,  and  Moritz 
(1931),  working  with  wax  models  from  serial  sections,  supported  the 
view  that  these  groups  of  interfollicular  epithelium  are  produced  by 
external  budding.  Baber  (1850-1910)  between  1877  and  1882  in¬ 
vestigated  the  histology  by  modern  methods.  It  should  be  recognized 
that  the  microscopic  appearances  rapidly  alter  in  correspondence  with 
active  and  resting  phases  ;  in  the  active  state,  which  may  be  induced 
by  cold,  the  cells  lining  the  vesicles  are  swollen ;  in  the  resting  gland 
the  mitochondria  are  hardly  visible  and  the  Golgi  reticular  apparatus 
is  in  a  single  contracted  form,  whereas  in  the  active  gland  the  mito¬ 
chondria  and  the  Golgi  apparatus  are  large  and  convoluted  (Cramer 
and  Ludford,  1926). 

The  cells  lining  the  thyroid  vesicles  are  cubical,  contain  many 
mitochondria,  and  a  reticular  Golgi  apparatus  with  which  the  specific 
secretion  of  the  cells  is  intimately  related.  Baber  (1882)  pointed  out 
that  there  is  not  any  basement  membrane,  such  as  was  later  described 
by  Flint  (1903),  between  the  vesicles  and  the  capillaries  ;  this  absence 
would  facilitate  the  direct  passage  of  secretion  from  the  cells  into  the 
capillaries.  The  amount  of  colloid  in  the  vesicles  varies  considerably, 
being  large  in  the  resting  gland  and  much  diminished  when  the  gland 
becomes  active  as  the  result  of  stimulation  by  cold  or  other  means. 
The  iodine- containing  colloid  has  been  thought  to  be  removed  in 
various  ways ;  formerly  it  was  assumed  that  the  vesicles  enlarged 
and  became  distended  until  they  burst,  like  a  Graafian  follicle,  and 
that  their  contents  were  then  carried  off’  by  the  lymphatics.  Accord¬ 
ing  to  Bensley  (1916)  the  colloid  inside  the  vesicles  is  a  by-product, 
the  real  secretion  being  passed  directly  into  the  capillaries  from  the 
outer  part  of  the  cubical  cells  in  which  he  found  clear  vacuoles  ;  these 
had  previously  been  described  by  Anderson  (1894)  as  a  chromophobe 
secretion  and  the  antecedent  of  colloid.  Ludford  and  Cramer  (1928) 
gave  an  account  of  clefts  between  the  lining  epithelial  cells  of  the 
vesicles,  through  which  the  colloid  passed  outwards  into  the  capil¬ 
laries. 

The  thyroid  normally  contains  small  foci  of  lymphocytes,  which 
in  toxic  goitre  and  lymphatism  become  much  increased  in  size. 
Reticulo-endothelial  cells,  like  Kupffer’s  cells  in  the  liver,  are  present 
in  the  interstitial  tissue.  The  large  eosinophil  cells,  described  as 
normal  constituents  of  the  thyroid  by  Hurthle  (1894),  and  sometimes 
called  ‘Hurthle’s  cells’,  are  parathyroid  oxyphil  cells  included  in  the 
thyroid.  The  normal  adult  thyroid  contains  2  mg.  per  gm.  of  dried 
thyroid,  or  10  to  15  mg.  in  the  whole  gland  (Wells,  1925). 

In  old  age  the  thyroid,  according  to  Pilliet  (1893),  shows  diminu¬ 
tion  in  the  size  and  number  of  the  vesicles  and  increase  in  the  amount 
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ol  the  fibrous  tissue;  Biedl  (1910),  McCarrison  (1917),  and  Lim, 
Sarkar,  and  Brown  (1922)  described  a  slowly  progressive  atrophy. 
C  ooper  (1925)  stated  that  the  individual  secretory  elements  are 
normal  but  collectively  suggested  diminished  activity.  Dogliotti  and 
Nuli  (1935)  from  histological  examination  of  fifty  glands  from  old 
people  found  a  reduction  in  the  number  of  follicles  and  of  the  amount 
of  colloid,  hypertrophy  of  the  epithelial  cells,  and  concluded  that 
in  normal  old  age  the  gland  is  more  active  than  in  earlier  adult  life. 
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Cytology,  edited  by  E.  V.  Cowdry,  N.Y.,  1928,  i.  551 ;  Marshall,  C.  F.,  Journ. 
Anat,  and  Physiol.,  Lond.,  1895,  xxix.  234;  Mayo,  C.  H.,  and  Plummer,  H., 
The,  Thyroid  Gland,  1923;  Moritz,  A.  R.,  Am.  Journ.  Path,,  Boston,  1931.  vii. 
37;  Neubauer,  Descriptio  anatomica  arteriae  innominatae,  Jena,  1772;  Norris, 
E.  H.,  Am.  Journ.  Anat.,  Baltimore,  1916,  xx.  416;  Pemberton,  de  J.,  and 
McCaughan,  J.  M.,  Collected  Papers  of  the  Mayo  Clinic,  1933,  xxv.  517; 
Pilliet,  A.,  Arch,  med,  exper.  et  d'anat.  path.,  Paris,  1893,  v.  537;  Rienhoff! 
W.  F.,  Arch.Surg.,  Chicago,  1929,  xix.  986,  and  Carnegie  Institution  of  Washing¬ 
ton,  Contributions  to  Embryology,  vol.  xxi,  No.  123,  1930;  Rogers,  L.,  Journ. 
Anat.,  Cambridge,  1929-30,  lxix.  50;  Streckeisen,  A.,  Virchows  Arch.,  1886, 
cm.  131;  Stricker,  S.,  Manual  of  Human  and  Comparative  Histology,  transl! 
New  Sydenham  Soc.,  Lond.,  1870,  vol.  i,  p.  xxvii;  Wilson,  G.  E.,  Anat.  Rec., 
Phila.,  1927,  xxxvii.  31;  Virchow,  R.,  Die  krankhaften  Geschwulste,  Berlin, 
1867,  Bd.  Ill,  p.  7;  Wells,  H.  G.,  Chemical  Pathology,  Phila.,  1925,  p.  690; 
Wolfler,  A.,  Ueber  die  Entwickelung  und  den  Bau  der  Schilddriise,  1890. 

Accessory  and  Aberrant  Thyroids.  Masses  of  thyroid  tissue 
in  any  way  connected  with  the  main  gland  w  ere  formerly  described 
as  accessory,  and  those  entirely  separate  as  aberrant  thyroids;  but 
these  terms  are  often  used  as  synonymous.  Estimates  of  their  in¬ 
cidence  have  differed,  and  their  number  may  vary  according  to  the 
age  of  the  subjects  and  in  different  parts  of  the  wmrld.  Some  of  the 
older  anatomists  may  have  counted  as  accessory  thyroids  what  w^ere 
really  parathyroids  or  even  lymphatic  glands.  Forsyth  (1907),  w  ho 
regarded  the  parathyroids  as  physiologically  closely  allied  to  the 
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thyroid,  found  that  accessory  thyroids  were  rare  in  the  first  year  of 
life  and  became  more  numerous  as  years  passed,  just  the  reverse  of 
the  incidence  of  accessory  parathyroids.  W.  Gruber  (1814-90)  in 
1876  found  that  the  incidence  of  accessory  thyroids  differed  in  Vienna 
from  that  in  St.  Petersburg,  his  figures  being  lower  than  those  of 
Bruch  in  Switzerland.  Luigi  Porta  (1800-75)  and  Rokitansky  (1804- 
78)  both  regarded  accessory  thyroids  as  common,  but  they,  as  well 
as  Gruber  and  Bruch,  wrote  before  the  parathyroids  were  described 
by  Sandstrom  in  1880. 

Accessory  and  aberrant  thyroids  have  been  divided  into  those 
situated  (i)  in  the  middle  line  and  in  connexion  with  the  thyroglossal 
duct  and  separated  portions  of  the  pyramidal  lobe,  often  near  the 
hyoid  bone.  In  1853  Verneuil  (1823-95)  described  a  thyroid  tumour 
between  the  geniohyoid  and  the  geniohyoglossus  muscles  close  to 
the  upper  border  of  the  hyoid  bone,  and  also  described  mucous 
glands  at  the  base  of  the  tongue ;  some  of  the  tumours  and  cysts, 
which  he  collected,  in  the  region  of  the  foramen  caecum  may  have 
arisen  in  aberrant  thyroids. 

Lingual  Thyroids.  All  the  thyroid  tissue  in  the  body  may  be  con¬ 
centrated  around  the  foramen  caecum  at  the  base  of  the  tongue; 
Lngermann  (1907)  described  7  cases  of  this  kind.  This  is  obviously 
an  important  point  in  connexion  with  the  surgical  treatment  and 
the  after-treatment  of  tumours  in  this  position,  for  cachexia  strumi- 
priva  may  result. 

(ii)  Lateral  aberrant  thyroids.  These  have  been  thought  (a)  to  be 
derived  from  the  lateral  ‘anlagem  described  by  His  {vide  p.  143),  or 
( b )  to  be  detached  in  the  course  of  the  descent  of  the  thyroid.  They 
are  not  very  commonly  recognized.  They  usually  occur  in  the  neck, 
and  may  be  near  or  in  the  submaxillary  or  sublingual  salivary  glands. 

(iii)  Aberrant  thyroids  below  the  level  of  the  main  gland  ;  these  are 
said  to  be  the  most  frequent.  They  may  be  intrathoracic. 

The  existence  of  accessory  and  aberrant  thyroids  is  obviously 
important  as  when  present  in  cases  of  total  thyroidectomy  their  com¬ 
pensatory  hypertrophy  might  obviate  post- operative  myxoedema ; 
in  addition  tumours  may  arise  in  them. 

Bruch,  Ber.  u.  cl.  Verhandl.  d.  naturf.  Gesellsch.  in  Basel,  1852,  viii.  183; 
Forsyth,  D.,  Trans.  Path.  Soc.  Lond.,  1907,  lviii.  154;  Gruber,  W.,  Virchows 
Arch.,  1876,  lxvi.  447;  Ungermann,  E.,  Virchows  Arch.,  1907,  clxxxvii.  58; 
Verneuil,  A.  S.,  Arch.  gen.  de  med.,  Paris,  1853,  5  s.,  i.  459. 

Physiology 

Historical.  After  the  imagined  excretory  passages  from  the 
thyroid  to  the  larynx  had  been  forgotten,  the  functions  of  the  ductless 
glands  remained  in  the  vague  category  of  glands  connected  in  some 
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way  with  the  circulation.  Thus  Parry  (1755-1822)  could  ‘scarcely 
avoid  suspecting  that  the  thyroid  gland,  of  which  no  use  whatever 
has  hitherto  been  hinted  at  by  physiologists,  is  intended  in  part  to 
serve  as  a  diverticulum  in  order  to  avert  from  the  brain  a  part  of 
the  blood,  which  urged  with  too  great  force  by  various  causes  might 
disorder  or  destroy  the  functions  of  that  important  organ’.  This 
view,  however,  had  been  expressed  by  B.  N.  Schreger  (1766-1825) 
in  1791,  and  was  supported  by  Benjamin  Rush  (1745-1813)  in  1806, 
and  later  by  Liebermeister  (1864),  and  Meuli  (1884),  and  has  been 
called  the  ‘vascular  shunt’  hypothesis  (Harington,  1933).  A  similar 
view  was  expressed  in  the  seventeenth  century  about  the  intra¬ 
cranial  rete  mirabile  by  Ysbrand  Diemerbroeck  (1609-74)  of  Utrecht 
(vide  p.  42). 

Astley  Cooper  (1768-1841),  in  notes  appended  to  a  paper  by  T.  W. 
King  (1809-47)  ‘On  the  Structure  and  Function  of  the  Thyroid 
Gland  (1836),  recorded  his  results  from  experimental  thyroidectomy 
the  first  performed  in  England  about  1827  ;  the  puppies  after  some 
malaise  and  stupidity  recovered.  King  described  the  secretion  of  the 
thyroid  as  passing  into  its  lymphatics  and  so  into  the  great  veins ; 
this,  he  said,  had  been  ‘indirectly  surmised  by  Morgagni’.  He  also 
remarked  prophetically  ‘yet  we  may  one  day  be  able  to  show  that 
a  particular  material  is  slowly  formed  and  partially  kept  in  reserve, 
and  that  this  principle  is  also  supplementary,  when  poured  into  the 
descending  cava,  to  important  functions  in  the  course  of  the  circula¬ 
tion  .  That  he  had  a  conception  of  the  internal  secretion  is  also 
suggested  by  his  statement  that  ’  whilst  the  nourishment  of  a  part  is 
indispensable  to  its  existence,  the  influence  which  it  exerts  upon  the 
circulating  fluid  may  be  more  or  less  needful  for  the  healthy  sub¬ 
sistence  of  the  entire  animal’. 

Thomas  Wilkinson  King  (1809-47),  the  son  of  a  medical  man  at 
Dover,  entered  Guy  s  Hospital  in  1824,  and  succeeded  Thomas  Hodgkin 
( 1  /  98—1866)  as  curator  of  the  museum  and  lecturer  on  morbid  anatomy 
in  183/  when  Hodgkin  retired  from  Guy’s  after  being  beaten  in  the 
competition  for  the  assistant-physiciancy  by  B.  C.  Babington  (1794- 
1866).  Hodgkin  described  King  as  ‘my  much  valued  friend  and  able 
successor  .  In  1840  King  was  lecturer  on  comparative  anatomy  and 
physiology  in  addition  to  pathology,  and  on  December  11,  1843,  was 
elected  one  of  the  three  hundred  (137  being  in  London)  original  fellows 
of  the  Royal  College  of  burgeons  of  England ;  he  was  then  practising 
at  36  Bedford  Square,  where  Hodgkin  also  later  lived.  His  literary 
output  was  very  considerable,  his  two  papers  on  the  safety-valve 
action  of  the  right  ventricle  of  the  heart  in  the  Guy's  Hospital  Reports 
(1837,  ii.  104— /  8,  and  1841,  vi.  39),  in  which  he  described  the  moderator 
band  in  the  right  ventricle,  being  of  permanent  value.  He  also  wrote 
two  papers  on  cancer  and  published  some  lectures  on  philosophic 
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pathology.  ‘Though  young,  he  had  an  aged  worn  look  and  a  chronic 
cough  ’  (Wilks).  His  early  death  on  March  26th,  1847,  from  pulmonary 
tuberculosis  was,  like  that  of  Henry  Gray  (1827-61)  of  St.  George’s 
Hospital  from  smallpox,  a  serious  loss  to  pathology.  They  were  both 
young  surgeons  in  charge  of  the  museum  and  post-mortem  department 
of  a  teaching  hospital  in  London. 

Plarr’s  Lives  of  the  Fellows  of  the  Royal  College  of  Surgeons  of  England,  1930, 
i.  666;  Wilks  and  Bettany,  Biographical  History  of  Guy's  Hospital,  Lond., 
1892,  p.  378. 

It  also  appears  from  notes,  taken  by  ‘  Mr.  Earl,  Surgeon  of  Cromer 
of  his  lectures  in  the  years  1798  and  1799  at  St.  Thomas’s  Hospital, 
that  Astley  Cooper  described  ‘absorbents  as  large  as  a  crow-quill 
going  to  the  thoracic  duct’,  and  that  he  said  ‘as  this  gland  has  no 
duct,  it  is  probable  the  absorbents  perform  that  office,  and  that  they 
convey  the  fluid  into  the  thoracic  duct’.  He  also  obtained  a  juice 
from  the  thyroid.  Raynard  (1835)  removed  the  thyroid  from  dogs 
with,  in  many  instances,  a  fatal  result  after  a  few  days.  Magendie 
(1785-1855)  in  1841,  however,  included  it  among  the  organs,  the 
use  of  which  is  not  knowm.  Von  Rapp  (1794-1868)  in  1840  and 
Bardeleben  in  1841  obtained  results  resembling  those  of  Astley 
Cooper.  John  Simon  (1818-97)  in  1844,  when  assistant  surgeon  at 
King’s  College  Hospital  and  demonstrator  of  anatomy  at  King’s 
College,  London,  published  a  paper  on  the  comparative  anatomy 
of  the  thyroid ;  further  he  stated  that  in  addition  to  its  copious 
vascular  supply  it  had  the  structure  of  a  secreting  gland,  and  ‘  what 
diversion  is  to  the  stream  of  blood  quantitatively,  alternative  secretion 
would  be  to  the  composition  of  the  blood  qualitatively ;  and  I  should 
conceive  that  the  use  of  the  thyroid  gland,  in  its  highest  develop¬ 
ment,  may  depend  on  the  joint  exercise  of  these  two  analogous 
functions  ’.  Simon  may  thus  be  credited  with  grafting  the  conception 
of  an  internal  secretion  on  to  the  old  idea  that  the  thyroid  was  a 
diverticulum  to  the  cerebral  circulation. 

Moritz  Schiff  (1823-97)  in  1856-8  performed  a  series  of  thyroidec¬ 
tomies  on  dogs  and  guinea-pigs  with  fatal  results ;  this  paper  was 
communicated  to  the  Royal  Academy  of  Science  in  Copenhagen  and 
‘then  buried  in  a  work  on  the  formation  of  sugar  in  the  liver’  in 
1859 ;  it  did  not  attract  any  attention  until  after  Re verdin  and 
Kocher’s  results  became  known,  when  Schiff  repeated  the  experi¬ 
ments  and  in  1884  showred  that  the  fatal  results  could  be  obviated 
by  intra-abdominal  transplantation  of  the  gland ;  this  was  con¬ 
firmed  in  1890  by  von  Eiselsberg.  Zesus  (1884)  removed  the  thyroid 
and  spleen  under  antiseptic  precautions,  the  animals  dying  comatose 
and  with  convulsions,  and  from  the  anaemic  condition  of  the  brains 
he  reverted  to  the  opinion  that  the  thyroid  controlled  the  cerebral 


152 


THE  THYROID 


circulation.  In  his  lectures  as  Superintendent  of  the  Brown  Institu¬ 
tion  Victor  Horsley  (1857-1916)  said  in  December  1884  ‘it  was  not 
until  eighteen  months  ago  that  it  (the  thyroid )  was  suspected  to  be 
of  serious  importance  to  the  animal  economy’,  and  spoke  of  ‘the 
gland  (for  gland  we  ought  to  call  it,  it  seems  to  me,  in  view  of  most 
recent  researches)  .  This  statement  provides  an  impressive  picture 
of  contemporary  opinion  about  the  thyroid.  From  thyroidectomies 
on  monkeys  and  carnivora  Horsley  in  1885  supported  the  generaliza¬ 
tion  of  Felix  Semon  (1849-1921)  in  1883  that  myxoedema,  cretinism, 
and  operative  cachexia  strumipriva  are  all  due  to  thyroid  deficiency 
and  not  to  chronic  asphyxia,  as  Ivocher  originally  believed,  or  to  in¬ 
jury  of  the  sympathetic  or  other  nervous  structures.  Horsley  in  his 
report  to  the  Clinical  Society’s  Committee  (1888)  divided  the  effects 
of  complete  thyroidectomy  on  monkeys  into  (1)  acute  which  were 
nervous — tremor,  clonic  spasm,  contracture,  paresis,  paralysis — 
coming  on  from  the  second  to  the  twelfth  day,  and  now  clearly  the 
result  of  unconscious  parathyroidectomy,  and  (ii)  chronic  experi¬ 
mental  myxoedema.  After  Gley’s  rediscovery  in  1891  of  the  para¬ 
thyroids  it  became  clear,  largely  as  the  outcome  of  the  work  of' 
Yassale  and  Generali  (1896),  that  the  effect  of  complete  removal 
of  the  thyroid,  which  had  previously  been  often  complicated  by 
parathyroidectomy,  was  myxoedema,  and  that  the  removal  of  the 
parathyroids  was  responsible  for  what  had  previously  been  called 
‘tetania  thyreopriva’.  As  in  the  case  of  the  adrenals  (vide  p.  319) 
so  with  regard  to  experimental  removal  of  the  thyroid  the  post¬ 
operative  results  were  ascribed  to  damage  other  than  to  the  absence 
of  the  thyroid;  thus  in  1887  Munk  argued  that  death  was  due  to 
sepsis;  just  as  T.  Kocher  at  first  (1883)  attributed  human  cachexia 
strumipriva  to  chronic  asphyxia  caused  by  injury  to  the  trachea. 

Horsley  (1886)  stated  that  the  thyroid  controlled  the  metabolism 
of  mucus,  and  the  results  of  thyroidectomy  and  thyroid  insufficiency 
were  assumed  to  be  due  to  an  accumulation  of  mucus.  Later  the 
funct  ion  of  the  thyroid,  like  that  of  the  adrenals  at  an  earlier  date,  was 
thought  to  be  the  neutralization  or  removal  of  poisons,  and  thyroid 
insufficiency  was  assumed  to  produce  toxaemia.  But  the  results  of 
the  replacement  treatment  of  myxoedema  by  thyroid  preparations 
(Murray,  1892)  and  Magnus-Levy's  demonstration  that  thyroid 
medication  accelerated  metabolism  (1895)  led  to  the  conclusion  that 
the  thyroid  and  its  internal  secretion  had  definite  powers  other  than 
detoxication. 

It  is  now  generally  agreed  that  the  thyroid,  unlike  the  anterior 
lobe  of  the  pituitary  with  which  it  is  related  physiologically,  secretes 
one  hormone  only.  It  has,  however,  been  suggested  (Woollard,  1932) 
that  the  thyroid  has  a  double  secretion:  (i)  that  of  the  colloid  in  the 
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lumen  of  the  follicles  from  which  it  is  somehow  absorbed,  its  function 
being  morphogenetic;  (ii)  that  absorbed  directly  by  the  capillaries 
from  the  bases  of  the  cells,  its  function  being  metabolic,  for  the 
question  how  the  colloid  is  absorbed  see  p.  147. 

The  thyroid  is  concerned  with  the  metabolism1  of  iodine,  just  as 
the  parathyroids  are  related  to  that  of  calcium.  Both  the  colloid  and 
the  epithelial  cells  of  the  thyroid  contain  iodine,  the  former  being  the 
richer.  Theodor  Kocher  (i895)  suggested  that  the  thyroid  might 
contain  iodine,  but  Tschirch  (1895)  failed  to  establish  this.  In  the 
same  year  Eugen  Baumann,  apparently  quite  independently  of 
Kocher’s  suggestion,  investigated  the  chemistry  of  the  thyroid  on  the 
advice  of  Kraske  and  was  much  surprised  to  find  iodine ;  this  he 
published  in  1896  and  described  an  organic  compound,  first  called 
thyreo-iodin  and  later  iodo-thyrin,  as  the  active  principle  of  the 
thyroid.  This  discovery  greatly  stimulated  biochemical  research ; 
Robert  Hutchison  (1896,  1898)  did  much  analytical  work  on  these 
lines.  Adolf  Oswald  in  1899  described  iodothyreoglobulin  which  like 
iodothyrin  had  the  same  physiological  effect  as  thyroid  extract.  On 
December  25,  1914,  Kendall  isolated  in  crystalline  form  an  active 
principle  which,  as  it  was  believed  to  be  a  derivative  of  oxoindole, 
was  called  thyroxy indole,  subsequently  shortened  to  ‘thyroxin’.  It 
was  later  proved  by  Harington  (1926)  to  be  derived  from  tyrosine, 
and  not  from  tryptophane,  and  to  be  a  basic  substance ;  hence  it 
should  be  spelt  ‘thyroxine’.  It  is  noteworthy  that  H.  D.  Dakin  had 
simultaneously  reached  the  same  conclusions  as  Harington,  but,  on 
hearing  this,  withdrew  his  paper  from  publication.  In  1927  Harington 
and  Barger  synthesized  thyroxine. 

In  North  America  there  are  seasonal  and  geographical  variations  in 
the  total  iodine  and  thyroxine  content  of  animal  thyroids  depending  on 
various  factors  such  as  diet.  Desiccated  thyroid  exerts  one  and  a  half 
times  the  physiological  effect  of  thyroxine  which  may  be  an  inter¬ 
mediate  form  of  the  active  principle  and  exist  in  two  forms,  one  of 
which  has  to  be  transformed  into  an  ‘active’  form  before  it  can  exert 
the  physiological  effect  (Kendall,  1928,  1929). 

The  function  of  the  thyroid  is  to  maintain  the  normal  metabolism 
or  oxidation  of  the  tissues.  It  thus  also  influences  growth,  bodily 
temperature,  and  the  activity  of  the  bone-marrow.  The  first  sugges¬ 
tion  bearing  on  the  now  well-established  effect  of  the  thyroid  on 
metabolism  was  made  by  Hadden  in  1880  ;  he  ascribed  the  depressed 
temperature  in  myxoedema  to  a  diminution  in  ‘  the  organic  changes  , 
and  in  support  of  this  pointed  out  that  the  urea  in  the  urine  of 

1  The  word  ‘metabolism’  (chemical  changes)  was  first  used  in  English  in  1878 
by  Michael  Foster  who  said  that  the  word  ‘metabolic’  was  introduced  by 
Schwann  in  1834. 
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patients  with  myxoedema  was  much  below  the  normal  amount. 
It  w  as  subsequently  shown  that  the  administration  of  thyroid  extract 
to  myxoedematous  patients  increased  the  excretion  of  urea  (Ord 
and  White,  1893).  That  the  thyroid  maintains  metabolism  at  its 
proper  level  was  established  in  1895  by  Magnus-Levy.  Among  the 
stimulating  effects  of  the  thyroid  is  that  on  the  bone-marrow ;  experi¬ 
mentally  thyroid  extract  has  produced  hyperplasia  of  the  bone- 
marrow  (Lim,  Starkar,  and  Brown,  1922)  and  an  increased  number 
of  erythrocytes  (Schermann,  1930;  Kunde,  Green,  and  Burns,  1932) 
Employing  thyroxine  Power  (1934)  observed  hyperplasia  of  the 
bone-marrow  and  a  raised  red  count  in  rabbits. 

The  important  influence  of  the  thyroid  on  development  and  on 
growth  is  shown  clinically  by  the  well-marked  dwarfing  in  cretinism 
and  childhood  myxoedema.  Experimentally,  as  shown  by  Guder- 
natsch  (1914)  thyroid  accelerates  the  metamorphoses  of  tadpoles 
vhile  inhibiting  their  growth.  Thyroid  also  exerts  a  diuretic  action. 

The  development  and  activities  of  the  thyroid  are  controlled  by 
the  thyrotropic  hormone  secreted  by  the  anterior  lobe  of  the  pituitary 
( mde  P-  60)-  The  development  of  an  anti-thyrotropic  or  inhibitory 
substance  in  the  blood  of  animals  injected  with  the  thyrotropic 
hormone  was  described  by  Loeb  (1931),  Collip  and  Anderson  (1934), 
and  has  been  mentioned  elsewhere  (p.  3). 

The  physiological  activities  of  the  various  preparations  from  the 
thyroid  have  been  carefully  considered  by  Kendall  (1929)  and  Haring- 
ton  (1933).  Kendall  agreed  that  though  thyroxine  produces  qualita¬ 
tively  all  the  physiological  effects  of  desiccated  thyroid,  quantitatively 
it  is  somewhat  less  active.  Cameron  and  Carmichael  (1921 )  and  Reid 
Hunt  (1923)  brought  forward  evidence  that  thyroxine  was  not  so 
powerful  as  thyroid.  Harington  and  Salter  (1930)  found  that  a 
synthetic  thyroxine  peptide  has  a  quantitative  effect  equal  to  that 
o  dried  thyroid.  It  has  also  been  stated  that  clinically  thyroxine 
has  little  advantage  over  desiccated  thyroid  (Gardiner- Hill),  and 
its  only  advantage  is  said  to  be  that  it  can  be  given  intravenously 
(Nellis  Foster).  The  acetonitrile  test,  introduced  by  Reid  Hunt 
(1905),  has  shown  that  the  activity  of  thyroid  preparations  is  pro¬ 
portional  to  their  iodine  content.  Whereas  most  animals  become 
more  susceptible  to  the  toxic  action  of  acetonitrile  (methyl  cyanide) 
as  the  result  of  the  administration  of  thyroid,  the  reverse  holds  good 
in  the  case  of  mice,  and  this  latter  reaction  has  been  investigated  as 
a  basis  for  quantitative  assay.  But  the  susceptibility  of  mice  to 
acetonitrile  poisoning  and  the  degree  of  protection  afforded  by  thyroid 
vary  so  much  and  are  so  much  affected  by  factors  such  as  diet, 
season,  and  temperature  (Gaddum  and  Hetherington,  1931  ;  Wokes,' 
1935)  that  a  satisfactory  method  of  assay  has  not  yet  been  established.’ 
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Intravenous  injection  of  pure  thyroxine  in  man  has  a  latent  period 
of  48  hours,  the  full  effect  not  appearing  for  another  6  days,  the 
effect  then  lasts  for  2  weeks  (Kendall,  1929). 

Whether  or  not  thyroxine  is  effective  when  given  by  the  mouth  has 
been  the  subject  of  various  investigations  with  discordant  results, 
and  it  is  usually  given  intravenously  or  hypodermically.  According 
to  the  experiments  of  W.  O.  Thompson,  P.  K.  Thompson,  and  P.  L. 
Dickie  (1932)  the  deciding  factor  is  the  solubility  of  the  thyroxine 
compound  employed. 

Interactions  with  other  Endocrine  Organs.  This  subject  has 
attracted  much  discussion  and  speculation  since  Eppinger,  Falta, 
and  Rudinger  (1908)  constructed  a  diagram  showing  the  reciprocal 
relations  between  the  thyroid,  the  chromaffin  system,  and  the  islands 
of  Langerhans.  Falta  later  considered  that  increased  thyroid  activity, 
by  accelerating  metabolism,  made  a  call  on  the  islands  of  Langerhans. 
The  hyperglycaemia  and  occasional  glycosuria  in  toxic  goitre,  the 
experimental  production  of  glycosuria  by  injection  of  adrenaline, 
and  the  absence  of  this  effect  in  thyroidectomized  dogs  bear  on  this 
scheme  of  complicated  relationships.  Thyroid  secretion  appears  to 
sensitize  the  sympathetic  to  the  effect  of  adrenaline;  it  has  been 
suggested  that  over-activity  of  the  anterior  pituitary  thyrotropic 
hormone  causes  hyperthyroidism  and  that,  as  a  result  of  sensitization 
of  the  sympathetic  system  to  adrenaline,  the  neuro-vegetative  symp¬ 
toms  (para-Basedowism,  Labbe  et  al.,  1933)  including  exophthalmos, 
make  up  the  clinical  picture  of  toxic  goitre.  The  adrenal  cortex 
appears  to  exert  an  inhibitory  control  over  the  activity  of  the  thyroid, 
and  it  has  been  suggested  that  insufficiency  of  the  adrenal  cortex 
may  be  concerned  in  the  causation  of  toxic  goitre.  Thyroidectomy 
was  shown  by  Rogowitsch  (1888)  to  be  followed  by  pituitary  en¬ 
largement  which  has  also  been  reported  in  myxoedema  and  cretinism. 
The  thyroid  is  under  the  control  of  the  thyrotropic  hormone  of  the 
anterior  pituitary ;  experimental  removal  of  the  anterior  pituitary 
at  an  early  stage  retards  the  development  and  causes  atrophy  of  the 
thyroid,  results  which  can  be  prevented  by  injections  of  extract  of 
the  anterior  pituitary  (P.  E.  Smith,  1916  ;  Allen,  1916).  A  rise  in  the 
metabolic  rate  cannot  be  provoked  by  extract  of  the  anterior  pituitary 
in  thyroidectomized  animals  (Smith ;  Allen).  In  thyroidectomized 
dogs  the  basal  metabolic  rate  is  lowered,  but  excision  of  the  pituitary 
does  not  depress  it  any  further  (Houssay,  1934).  The  anterior  pituitary 
stimulates  the  thyroid  to  promote  growth  and  to  accelerate  meta¬ 
bolism,  but  alone  cannot  produce  the  effect  directly.  Normal  growth 
and  metabolism  depend  on  the  co-operation  of  the  pituitary  and  the 
thyroid  and  fail  if  either  of  the  glands  is  put  out  of  action.  That 
there  is  a  relation  between  the  thyroid  and  the  gonads  is  suggested 
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clinically  by  the  frequent  association  of  thyroid  enlargement  with 
puberty,  menstruation,  pregnancy,  and  lactation.  Total  removal 
of  the  gonads  by  stimulating  the  pituitary  leads  to  hyperthyroidism 
(Loesen,  1934).  It  also  leads  to  slow  involution  of  the  thyroid  ;  the  ad¬ 
ministration  of  thyroid  inhibits  oestrus  (Abelin  and  Wiedmer,  1932). 

The  relation  between  thyroid  disease,  especially  toxic  goitre,  and 
persistence  and  enlargement  of  the  thymus,  has  been  much  discussed  ; 
it  has  been  regarded  as  part  of  a  constitutional  state  favouring  the 
incidence  of  toxic  goitre  or  as  a  concomitant  change.  For  some 
time  after  their  discovery  the  parathyroids  were  regarded  as  acces¬ 
sory  to  the  thyroid ;  later  came  the  opposite  view,  that  they  were 
antagonistic,  the  thyroid  being  in  control  of  the  sympathetic  and  the 
parathyroids  of  the  parasympathetic. 
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HYPOTHYROIDISM 

Cretinism 

Nomenclature.  For  the  \yord  4  cretin  ’  various  derivations  have  been 
offered:  from  Christianas,  French  Chretien  (Genin),  for  it  had  been 
thought  that  ‘they  were  incapable  of  sin’  (Fodere,  1792).  Littre 
(1801-81 )  in  1878  pointed  out  that  the  word  ‘  cretin  ’  did  not  occur  in 
the  editions  of  the  Dictionnaire  de  V  Academie  before  1835,  and  that 
such  a  recent  word  could  not  be  derived  from  Christianus ;  he  pre¬ 
ferred  to  derive  it  from  the  German  Kreidling  from  Kreide  (chalk), 
from  the  white  colour  of  the  skin  of  cretins;  but  in  1881  he  admitted 
that  the  Gironde  patois  form  crestin  justified  the  derivation  from 
Christianus.  Other  derivations  are  from  the  Swiss  patois  creitin,  as 
they  were  regarded  as  simple  innocent  creatures,  barely  human, 
though  revered  in  Switzerland  as  sacred — ‘  gens  du  bon  Dieu  ’ ;  from 
the  Rhaeto-Romansh  cret,  diminutive,  a  dwarf  (Bayon,  1903);  from 
the  Romansh  cretera  (Latin  creatura  =  a  creature).  The  Oxford 
English  Dictionary  gives  1779  as  the  date  of  its  first  use  in  English 
by  William  Coxe  (1747-1828)  in  the  Annual  Register  (1779). 

Some  of  the  early  synonyms  for  cretinism,  like  those  for  syphilis, 
reflect  national  enmities  ;  thus  the  Spanish  word  gavachos  was  applied 
as  a  term  of  reproach  to  the  French  during  the  Peninsular  War ;  the 
Provengal  cagot  for  the  condition  formerly  thought  to  be  cretinism 
or  leprosy,  but  really  according  to  Cockayne  (1933)  the  ectodermal 
defect  of  hypotrichosis  et  dystrophia  unguium  has  been  derived  from 
canes  Gothi  (dogs  of  Goths,  Littre). 

It  has  been  suggested  that  the  name  ‘cretinism  ’  should  be  confined 
to  endemic  cases  and  the  sporadic  cases  should  be  called  infantile  or 
childhood  myxoedema  (Gordon,  1922).  On  the  other  hand,  a  loyal 
Guy’s  man  (Close,  1932)  proposed  the  title  ‘Fagge’s  disease’  for 
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cretinism ;  but  such  an  eponym  should  on  historical  grounds  be  con¬ 
fined  to  the  sporadic  form. 


Bayon,  C.  P.,  Verhandl.  d.  phys.-med.  Gesellsch.  zu  Wurzb.,  1903-4,  n.f.,  xxxvi. 
1 ;  Close,  H.  G.,  Guy's  Hosp.  Rep.,  Bond.,  1932,  lxxxii.  154;  Cockayne,  E.  A., 
Inherited  Abnormalities  of  the  Skin  and  its  Appendages,  Oxford  University  Press', 
1933,  p.  241;  Coxe,  W.,  Annual  Register,  1779,  ii.  92;  Gordon,  M.  B.,  Endo¬ 
crinol.,  Los  Angeles,  1922,  vi.  235;  Littre,  E.,  Dictionnaire  de  la  langue  fran- 
Qaise,  Paris,  1878,  tome  i,  pp.  453,  893;  supplement,  1881,  p.  97. 


History.  Cretinism  is  one  of  the  diseases  first,  and  for  a  long  time, 
recognized  in  eaily  life  before  adults  were  known  to  be  also  affected. 
The  endemic  form  was  described  in  the  Duchy  of  Salzburg  by  Para¬ 
celsus  (1493-1541)  who  also  pointed  out  its  association  with  endemic 
goitre.  But  it  was  not  until  1871  that  Hilton  Fagge  (1838-83) 
prophesied  that  adult  cretinism  might  occur,  and  in  1873  that  his 
senior  at  Guy’s  Hospital,  Sir  William  Gull  (1816-90),  described  a 
4 cretinoid  condition  supervening  in  adult  life  in  women’,  to  which 
\\.  M.  Ord  (1834-1902)  in  1877  gave  the  name  myxoedema.  The 
delay  in  the  recognition  of  the  adult  form  of  thyroid  deficiency  and 
its  correlation  with  cretinism  may  be  explained  by  (1)  the  much 
more  striking  manifestations  of  cretinism,  due  to  arrest  of  develop¬ 
ment  and  growth  both  in  body  and  brain,  the  latter  often  amounting 
to  mental  deficiency;  and  (2)  the  difference  between  (a)  the  large 
number  of  cretins  in  parts  of  Europe  where  goitre  was  endemic,  and 
(b)  the  sporadic  and  relatively  infrequent  occurrence  of  adult  myx¬ 
oedema.  The  effect  of  thyroid  insufficiency  on  the  foetus  and  infant 
before  complete  development  and  growth  have  taken  place  must 
obviously  be  more  far-reaching  than  it  is  when  the  hormonal  secretion 
fails  in  an  adult.  There  are  all  grades  from  the  endemic  cretin  idiot, 
through  sporadic  cretinism,  myxoedema  of  infantile,  child,  and  adult 
life,  to  benign  or  non-myxoedematous  hypothyroidism.  Paracelsus’s 
account  appears  in  his  De  Generatione  Stultorum,  Liber  Theophrasti, 
Tractatus  I,  Omnia  Opera  (1603).  Felix  Platter  (1536-1614)  referred 
to  cretins,  also  in  connexion  with  mental  deficiency,  in  his  Praxeos 
Medicae  (1602),  this  passage  and  that  of  Wolfgang  Hoefer  in  1675  on 
Stultitia  being  reproduced  in  Major's  Classic  Descriptions  of  Disease, 
1932.  Cretins  appear  in  paintings,  for  example,  that  of  the  dwarf  by 
Velasquez  (1599-1660)  reproduced  on  the  next  page. 

helix  Platter  was  bom  in  1536  at  Bale,  where  his  father  was  rector 
of  the  gymnasium.  He  obtained  the  doctorate  at  Montpellier  in  1556, 
and  four  years  later  became  professor  of  practical  medicine  at  Bale. 
Haller  called  him  ‘the  star  of  the  University’,  for  from  being  almost 
moribund  it  became  as  the  result  of  his  reputation  a  popular  centre 
and  attracted  numerous  pupils  from  other  countries.  Without  financial 
ambition  he  declined  a  number  of  Court  appointments,  and  as  arcliiater 
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and  director  of  the  city  hospitals  worked  through  five  epidemics  of 
plague  between  1563  and  1609  without  falling  a  victim  though  others 
in  his  house  were  attacked.  An  enthusiastic  botanist  he  founded  a 


Fig.  2.  El  Nino  de  Vallecas,  a  dwarf  of  Philip  IV,  by  Velasquez. 
(No.  1204  in  the  Museo  del  Prado,  Madrid.) 


physic  garden  for  his  pupils.  Perhaps  now  best  known  for  his  descrip¬ 
tion  of  thymic  death,  his  Praxeos  Medicae,  a  manual  of  pathology  and 
therapeutics,  was  for  more  than  a  century  a  favourite  text-book.  His 
death  occurred  on  July  28,  1614,  at  Bale. 

Cumston,  C.  G.,  Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1912,  xxiii.  105. 
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Wolfgang  Hoefer  (1614-81)  in  his  only  book  Hercules  medicus  sive 
locorum  communium  liber  (1657)  discussed  the  causation  of  goitre 
by  the  air,  water,  and  food.  De  Saussure  (1740-99)  in  1786  and  Fodere 
in  1792  ascribed  cretinism  to  the  concentrated  air  in  the  deep  valleys 
rather  than  to  water.  With  the  observations  on  its  incidence  in  the 
valley  of  Aosta  by  Vincenzo  Malacarne  (1744-1816)  in  1789  scientific 
inquiry,  according  to  Hirsch  (1817-94),  began.  Malacarne  in  1789, 
Ackermann  in  1790,  Fodere  and  others  drew  attention  to  the  skeletal 
changes  and  discussed  the  influence  of  the  alteration  in  the  basis 
cranii.  Virchow  (1821-1902)  in  1862  described  ‘premature  tribasilar 
synostosis  ’  of  the  two  parts  of  the  sphenoid  and  the  occipital  as  the 
primary  factor  in  cretinism. 

A  Royal  Commission,  which  reported  to  the  quondam  Kingdom  of 
Sardinia  in  1848,  found  that  in  the  district  of  Aosta  the  incidence  of 
cretinism  was  28  per  cent,  of  the  population,  but  much  lower  else¬ 
where ;  three  classes  were  -described:  cretins,  semi-cretins,  and 
cretineux.  In  1864  a  French  Commission  also  considered  cretinism. 

In  1802  the  brothers  Joseph  Wenzel  (1768-1808)  and  Karl  Wenzel 
(1769-1827)  classified  cretins  into  (1)  complete  cretins,  incapable  of 
speech  and  of  reproduction,  (2)  demi-cretins,  capable  of  the  elements 
only  of  speech,  but  able  to  reproduce  offspring,  and  (3)  simple 
cretins  or  imbeciles,  more  intelligent  than  the  two  other  categories. 
Cretins  were  hardly  distinguished  from  idiots  at  that  time.  Guggen- 
biihl  (1816-63),  who  was  in  charge  of  the  first  institution  for  cretins, 
started  in  1839,  at  Abendberg  near  the  Jungfrau,  divided  cretins  in 
1860  into  four  classes:  (1)  atrophied,  emaciated,  and  paralysed; 
(2)  mollities  ossium,  rickety  cretins  ;  (3)  with  chronic  hydrocephalus, 
and  (4)  congenital  cretins,  the  most  intractable.  Among  his  patients 
there  appear  to  have  been,  at  any  rate  at  one  time,  many  who  were 
the  subjects  of  other  conditions,  especially  tuberculosis,  for  a  Com¬ 
mittee  of  inquiry  reported  in  1849  that  the  majority  of  the  children 
there  were  not  cretins  but  examples  of  easily  curable  tuberculosis. 
After  Guggenbiihl’s  death  the  authorities  at  Berne,  being  convinced 
of  the  uselessness  of  treating  cretinism,  withdrew  their  financial 
support  and  the  institution  was  closed.  Blacker  (1855)  referred  to  a 
Dr.  Odet  who  was  a  cretin  ‘in  the  first  stage’,  but  as  the  result  of 
most  careful  attention  recovered  so  as  to  be  able  to  write  an  essay 
on  cretinism  published  at  Montpellier  in  1805. 

On  June  25,  1850,  T.  B.  Curling  (1811-88)  read  a  paper  before  the 
Royal  Medical  and  Chirurgical  Society,  Thomas  Addison  (1793-1860) 
being  in  the  chair,  on  ‘Two  Cases  of  Absence  of  the  Thyroid  Body 
and  Symmetrical  Swellings  of  Fat  Tissue  at  the  Sides  of  the  Neck, 
connected  with  Defective  Cerebral  Development  ’ ;  one  patient  was 
10  vears,  the  other  6  months  old.  Necropsies  on  these  cases  showed 
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absence  of  the  thyroid.  Curling,  who  did  not  distinguish  between 
endemic  and  sporadic  cretinism,  wrote:  4 1  am  not  acquainted  with 
any  case  on  record  in  which  a  deficiency  of  the  thyroid  gland  has 
been  observed  in  the  human  body,  ’  and  prophetically  added :  4  It  is 
highly  probable  that  this  abnormal  secretion  of  fat  was  dependent  on 
the  absence  of  those  changes  which  result  from  action  of  the  thyroid, 
or  on  some  imperfection  in  the  assimilating  processes,  consequent  on 
the  want  of  this  gland;  and  the  facts  here  detailed  may  not  be  without 
significance  in  directing  the  researches  of  future  inquirers  into  the 
use  of  this  body.’ 

Endemic  cretinism  had  died  out  in  Great  Britain  by  1870;  it  had 
been  observed  in  Arran  (Reid,  1836),  probably  at  Sholver,  part  of 
the  townships  of  Oldham  (K.  Wood,  1827),  and  at  Chiselborough  in 
Somerset  out  of  a  population  of  350  there  were  24  cretins  in  1847 
(Norris).  Sporadic  cretinism  was  described  as  distinct  from  the  en¬ 
demic  form  by  C.  Hilton  Fagge  in  a  paper  read  on  February  28,  1871, 
before  the  Royal  Medical  and  Chirurgical  Society,  of  which  T.  B. 
Curling  was  then  president.  Bucknill  (1817-97)  and  Tuke  (1827-95) 
in  1855  had  spoken  of  a  case  as  sporadic  cretinism,  but  had  not 
emphasized  or  elaborated  the  difference  from  endemic  cretinism. 

Charles  Hilton  Fagge  was  born  on  June  30,  1838,  at  Hythe,  where 
his  father  Charles  Fagge,  who  survived  him,  was  in  practice.  His 
mother  was  a  sister  of  John  Hilton  (1804-78),  surgeon  to  Guy’s  Hos¬ 
pital  and  the  author  of  Rest  and  Pain  (1863),  which  went  into  a  fifth 
edition  in  1892,  the  four  editions,  after  the  first,  of  this  surgical  classic 
being  edited  by  W.  H.  A.  Jacobson  (1847—1924).  Young  Fagge  was 
said  to  have  inherited  the  intellectual  abilities  of  his  uncle,  and  was 
such  a  brilliant  schoolboy  that  his  masters  urged  his  father  to  send 
him  to  Oxford  or  Cambridge.  Circumstances,  however,  prevented  this, 
and  he  was  taken  in  October  1856  by  his  father  to  Guy’s  Hospital, 
where  they  saw  a  necropsy  on  a  case  of  cardiac  aneurysm,  a  condition, 
among  others,  on  which  young  Fagge  subsequently  threw  light.  As  a 
student,  though  somewhat  retiring,  his  record  in  the  medical  examina¬ 
tions  of  London  Fniversity  showed  a  most  remarkable  number  of 
honours,  medals,  and  scholarships  ;  he  took  the  degrees  of  M.B.  (1861) 
and  M.D.  (1863),  and  after  holding  the  posts  of  demonstrator  of 
anatomy  and  medical  registrar  was  elected  assistant  physician  to  Guy’s 
Hospital  in  1867  on  the  death  of  Hilaro  Barlow  (1806-66)  and  became 
full  physician  in  1880  on  the  resignation  of  the  senior  physician,  S.  O. 
Habershon  (1825-89),  in  connexion  with  the  upset  about  the  nursing 
staff.  With  a  good  knowledge  of  French  and  German,  a  keen  student 
of  pathology,  having  been  demonstrator  of  morbid  anatomy  with 
Walter  Moxon  (1836-86),  and  a  sound  clinician,  he  covered  a  wide 
field ;  few  men  of  his  age  have  done  so  much  with  equal  accuracy  and 
clearness.  His  posthumous  text-book  on  medicine  (1886),  edited  by 
his  colleague  Pye-Smith  (1840-1914),  had  a  personal  touch  and  an 
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individuality  as  representing  the  practice  of  medicine,  especially  at 
Guy’s  Hospital,  which  gave  it  the  outstanding  position  it  must  always 
hold  as  a  record  of  contemporary  knowledge.  He  was  early  much  inter¬ 
ested  in  skin  diseases,  on  which  he  worked  with  von  Hebra  ( 1816-80) 
at  Vienna  and  wrote  a  number  of  papers ;  but,  like  Addison,  he  was 
anxious  not  to  specialize  in  any  branch  of  medicine. 

He  married  in  1874  Miss  Briscoe  of  Wanstead,  became  increasingly 
busy  in  practice,  and  about  1880  moved  from  11  St.  Thomas’s  Street, 
near  the  hospital,  to  76  Grosvenor  Street.  Soon  after  this,  becoming 
aware  that  he  was  the  subject  of  aortic  aneurysm  and  aortic  regurgita¬ 
tion,  he  carefully  considered  the  possible  courses,  namely,  (1)  to  con¬ 
tinue  work  without  taking  any  account  of  the  catastrophe  which  must 
soon  follow ;  (2)  to  give  up  everything,  retire  into  the  country,  and  by 
a  life  of  absolute  rest  make  every  effort  to  prolong  his  life,  and  (3)  the 
middle  course  of  compromise,  to  give  up  hospital  work,  to  see  a  few 
patients,  to  rest  most  of  the  day  under  the  most  approved  lines  of 
treatment,  and  occupy  his  time  by  completing  the  text -book  on  which 
he  had  been  engaged  for  many  years.  He  adopted  the  last  course  and 
took  a  very  optimistic  view  of  his  chances,  to  which  a  sympathetic 
acquiescence  was  naturally  granted  by  his  friends,  although  the  evi¬ 
dence  for  it  was  not  obvious.  The  end  came  suddenly  at  midnight 
on  November  17-18,  1883,  at  a  time  when  he  was  engaged  in  looking 
over  the  examination  papers  on  medicine  at  the  University  of  London. 
It  is  rather  remarkable  that  another  very  distinguished  physician, 
Charles  Murchison  (1830—79),  also  died  suddenly  with  aortic  disease 
while  an  examiner  at  London  University. 

Guy's  Hosp.  Rep.,  Loud.,  1884,  xlii,  p.  xxv. 

Byrom  Bramwell  (1847-1931)  in  1892  could  not  collect  more  than 
50  cases  of  sporadic  cretinism,  chiefly  from  French  and  British  sources, 
and  considered  it  to  be  rare. 

An  account  of  congenital  cretinism  in  the  bull-dog  calves  of  the 
Dexter-Kerry  breed  of  cattle  was  given  by  Seligmann  (1904) ;  but  this 
condition  was  regarded  by  Crew  (1924)  as  an  achondroplasia-like  state 
due  to  pituitary  dysfunction. 

Blacker,  G.  S.,  Cretins  and  Cretinism,  Edin.,  1855;  Bramwell,  B.,  Atlas  of 
Clinical  Medicine,  Edin.,  1892,  i.  17;  Bucknill,  J.  C.,  and  Tuke,  D.  H., 
A  Manual  of  Psychological  Medicine,  1858,  p.  101 ;  Crew,  F.  A.  E.,  Proc.  Roy. 
Soc.  Lond.,  1924,  B.  xcv.  228;  Curling,  T.  B.,  Med.-Chir.  Trans.,  Lond., 
1850,  xxxiii.  303—6;  Fagge,  C.  H.,  ibid.,  1871,  liv.  155;  1  odere,  I.  E.,  Essai 
sur  le  goitre  et  le  cretinisme,  Turin,  1792 ;  GuggenbIthl,  J .  Ztschr.  d.  k.-k.  Ges.  d. 
Aerzte  zu  Wien,  1860,  xvi.  84;  Gull,  W.  \Y  .,  Trans.  Clin.  Soc.  Lond.,  1874, 
vii.  18;  Hirsch,  A.,  Handbook  of  Geographical  and  Historical  Pathology,  New 
Sydenham  Society,  Lond.,  1885,  ii.  123;  Malacarne,  V.,  Sui  gozzi  e  sulla 
stupiditd,  Torino,  1789,  quoted  by  Hirsch;  Norris,  H.,  Med.  Times,  Lond., 
1847,  xvii.  257;  Ord,  W.  M.,  Med.-Chir.  Trans.,  Lond.,  1878,  lxi.  57;  Reid, 
J.,  Edin.  Med.  and  Surg.  Journ.,  1836,  xlvii.  41 ;  de  Saussure,  H.  B.,  Voyages 
dans  les  Alpes,  Neuchatel,  1786;  Seligmann,  C.  G.,  Trans.  Path.  Soc.  Lond., 
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1904,  lv.  1  ;  Wenzel.  J.,  und  Wenzel,  K.,  Ueber  den  Cretinismus,  Wien,  1802; 
Wood,  K.,  Edin.  Journ.  Med.  Sc.,  1827,  ii.  194. 

Aetiology.  Sex  Incidence.  Among  158  collected  cases  of  sporadic 
cretinism  101  were  females  and  57  males  (Murray,  1900),  and  among 
a  collection  of  292  cases  172,  or  nearly  60  per  cent.,  were  females  (H. 
Mackenzie,  1908).  Two  or  more  cases  may  occur  in  the  same  family 
(Murray,  1900). 

Goitrous  cretinism  has  been  recorded  in  two  uni-ovular  twins 
(Siemens,  1924),  and  in  one  of  fraternal  twins  with  evidence  of 
retarded  bony  development  during  foetal  life  as  shown  by  X-rays 
(Dorff,  1934). 

Hereditary  influence  plays  an  overwhelming  part  in  endemic 
cretinism,  80  per  cent,  of  cretins  being  the  offspring  of  goitrous 
mothers  (Crotti,  1918).  In  sporadic  cretinism  the  position  is  rather 
different ;  most  of  the  cases  are  due  to  atrophic  changes  in  the  foetal 
gland  caused  by  acute  thyroiditis,  probably  the  sequel  of  infective 
diseases  in  the  mother  during  pregnancy  (Gardiner- Hill,  1934) ;  con¬ 
genital  aplasia  has  also  been  described,  though  this  might  also  be 
ascribed  to  infection  or  toxic  inhibition  at  an  early  stage  of  foetal  life. 

Endemic  Cretinism  and  Goitre.  Paracelsus  noticed  the  close  relation 
between  endemic  goitre  and  cretinism  ;  Fabre  ( 1 857 )  remarked  ‘  goitre 
is  the  father  of  cretinism’,  and  Fodere  (1764-1835)  observed  that 
goitrous  mothers  bore  cretins,  and  that  among  those  moving  into  an 
endemic  area  goitre  appeared  in  the  first  generation  and  cretinism 
in  the  next.  Cretinism  in  foetal  life  appears  to  be  due  to  the  factor 
causing  goitre  in  post-natal  existence.  Although  endemic  cretinism 
is  confined  to  districts  where  goitre  is  endemic,  it  does  not  necessarily 
occur  wherever  goitre  is  endemic  ;  in  North  America,  endemic  goitre 
is  very  common,  but  endemic  cretinism  has  not  been  recognized 
(Osier,  1897  ;  Gordon,  1922).  There  is  much  the  same  want  of  corre¬ 
spondence  in  New  Zealand,  where  cretinism  is  rare  and  goitre  goes 
back  as  far  as  Maori  traditions  (C.  Jones,  1928). 

The  Identity  of  Cretinism  and  Hypothyroidism.  Fagge  in  1871 
prophesied  that  cretinism  might  develop  in  adults,  and  in  1873  Gull, 
as  already  mentioned,  established  this ;  Ord  in  1877,  though  not 
dogmatic,  argued  that  ‘it  may  be  possible  to  trace  the  same  cause  in 
cretinism  as  in  myxoedema’.  Goodhart,  however,  in  1880  contested 
this  and  took  what  he  admitted  ‘might  be  the  old-fashioned  view’ 
that  they  were  distinct  conditions.  Cretinism  had  long  been  known, 
whereas  myxoedema  had  but  recently  been  described,  and  it  was 
some  time  before  it  became  generally  recognized  that  they  were 
essentially  the  same  condition  occurring  at  different  periods  of  life ; 
the  arrest  of  development  in  cretinism  was  probably  a  powerful 
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factor  in  delaying  the  acceptance  of  their  unity.  Thus  Bourneville 
and  d’Olier  (1880),  who  have  been  stated  to  have  been  the  first  to 
recognize  the  identity  of  the  two  conditions,  in  an  account  of  a  case 
of  ‘cretinism  with  myxoedema’  in  a  boy,  aged  19  years,  definitely 
regarded  myxoedema  as  a  complication  of  cretinism,  and  said  ‘il 
semble  en  quelque  sorte  remplacer  le  goitre  absent  ’ ;  in  this  attitude 
they  appear  to  have  been  fortified  by  the  authority  of  Charcot  who 
in  the  following  year  published  a  demonstration  on  this  case.  As 
mentioned  elsewhere  (p.  177),  Semon  in  1883  put  forward  the 
hypothesis  that  cretinism,  myxoedema,  and  cachexia  strumipriva  are 
all  due  to  thyroid  deficiency.  In  1885  Sidney  Phillips  in  arguing 
that  ‘myxoedema  is  one  of  the  usual  symptoms  of  cretinism’  was 
evidently  impressed  with  the  resemblance,  if  not  identity,  of  the  two 
conditions.  Bourneville  and  Bricon  (1886)  described  the  condition 
as  ‘idiotie  avec  cachexie  pachydermique  ’  and  collected  ten  necropsies. 

The  Relation  of  Endemic  and  Sporadic  Cretinism.  Fagge  originally 
considered  that  sporadic  cretins  constantly  showed  symmetrical  fatty 
tumours,  that  the  thyroid  was  either  absent  or  very  small,  and  that 
they  could  be  distinguished  from  endemic  cretins  by  their  freedom 
from  symptoms  in  the  early  months  of  life.  In  1874,  however,  he  re¬ 
corded  the  post-mortem  appearances  of  1  of  the  4  sporadic  cretins  he 
had  reported  in  1871,  a  male,  aged  20  years  ;  the  thyroid  was  ‘of  some 
size  and  its  right  lobe  contained  a  rounded  tumour  the  size  of  a  wal¬ 
nut’.  The  thyroid  and  the  fatty  tumours,  preserved  in  the  museum 
of  Guy’s  Hospital,  were  exhibited  among  the  historical  or  'type’ 
specimens  collected  at  the  Jubilee  celebration  of  the  old  Pathological 
Society  of  London  on  October  20, 1 896 .  In  1 874  Fletcher  Beach  ( 1 848- 
1 929 )  also  recorded  the  case  of  a  sporadic  cretin  in  whom  fatty  tumours 
were  present,  but  disappeared  before  death  as  a  result  of  diarrhoea 
and  emaciation.  In  Hilton  Fagge’s  posthumous  Principles  and  Prac¬ 
tice  of  Medicine  (1886)  an  absolute  distinction  between  endemic 
and  sporadic  cretinism,  based  on  the  absence  or  presence  of  fatty 
tumours  in  the  neck,  was  stated  to  be  premature.  G.  R.  Murray  in 
1900  considered  that  a  sharp  distinction  between  the  endemic  and 
sporadic  forms  was  artificial  and  should  not  be  made ;  Hector 
Mackenzie  (1856-1929)  in  1908  said  that  though  separate  descrip¬ 
tions  had  been  given  they  are  essentially  the  same.  A  distinction  was 
maintained  by  Pineles  (1902)  between  (i)  familial  endemic  cretinism 
associated  with  goitre,  and  (ii)  sporadic  cretinism  (congenital  thyro- 
aplasia),  and  acquired  infantile  myxoedema  ;  thvro-aplasia  therefore 
resembled  endemic  cretinism  in  beginning  or  foetal  life.  It  has  also 
been  considered  that  in  endemic  cretinism  there  is  a  special  form  of 
thyroid  atrophy,  goitre  is  not  constant,  and  the  symptoms  are  not 
entirely  due  to  hypothyroidism.  McCarrison  (1908)  found  that  en- 
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demic  cretinism  in  India  showed  a  well-marked  tendency  to  occur 
in  certain  families ;  the  influence  of  heredity  has  also  been  described 
in  some  cases  of  sporadic  cretinism  (Barrett,  1919).  In  sporadic 
cretinism,  as  judged  by  the  effects  of  treatment,  hypothyroidism  is  a 
more  active  factor  in  the  sporadic  than  in  the  endemic  form.  McCar- 
rison  (1908)  stated  that  among  endemic  cretins  in  India,  the  influence 
of  maternal  goitre  is  the  essential  factor,  and  contested  the  view, 
voiced  by  Richardson  (1905),  that  in  goitrous  areas  cretinism  is  due 
to  goitre  in  the  individual.  McCarrison  considered  that  in  endemic 
goitre  the  parathyroids  were  deficient  as  well  as  the  thyroid.  He 
regarded  sporadic  cretinism  as  due  to  maternal  poisons  other  than 
those  causing  goitre.  In  Switzerland  De  Quervain  and  others 
have  described  two  forms  of  endemic  cretinism  (a)  with  a  small 
thyroid  and  without  nervous  symptoms,  and  ( b )  with  a  large  thyroid 
and  nervous  symptoms  (hypodysthyreose)  which  Boothby  (1929) 
regarded  as  resembling  cases  of  toxic  goitre  in  adults  with  persistence 
of  symptoms  after  thyroidectomy  but  with  little,  if  any,  rise  in  the 
basal  metabolic  rate.  Among  203  endemic  cretins  in  India  McCarrison 
(1908  ;  1913)  recognized  two  forms :  (i)  nervous  cretinism,  with  tetany 
presumably  due  to  parathyroid  insufficiency,  and  comparable  to 
cerebral  diplegia  (Little’s  disease) ;  of  this  form  there  were  71  or  nearly 
a  third  of  the  203  cases,  and  (ii)  myxoedematous  cretins  like  those 
seen  in  this  country. 

According  to  H.  Zondek  (1935)  endemic  and  sporadic  cretinism 
are  quite  distinct ;  whereas  sporadic  cretinism  is  simply  congenital 
or  infantile  myxoedema,  endemic  cretinism  is  closely  related  to  en¬ 
demic  goitre,  the  two  conditions  being  due  to  a  constitutional  de¬ 
generative  state  on  which  hypothyroidism  or  hyperthyroidism  (ner¬ 
vous  cretinism)  may  be  implanted. 

Barrett,  A.  M.,  Arch.  Neurol,  and  Psychiat.,  Chicago,  1919,  ii.  628  ;  Beach,  F., 
Trans.  Path.  Soc.  Lond.,  1874,  xxv.  265;  Boothby,  W.  M.,  Journ.  Am.  Med. 
Assoc.,  Chicago,  1921,  lxxvi.  84;  Bourneville,  D.  M.,  et  Bricon,  P.,  Arch, 
neurol.,  Paris,  1886,  xii.  137,  292;  Bourneville,  D.  M.,  et  d’Olier,  Progres 
med.,  Paris,  1880,  viii.  709 ;  Bramwell,  B.,  Atlas  Clin.  Med .,  Edin.,  1892,  i.  17  ; 
Charcot,  J.  M.,  Gaz.  d.  hop.,  Paris,  1881,  liv.  73;  Crotti,  A.,  Thyroid  and 
Thymus,  Phila.,  1918;  Dorff,  G.  D.,  Am.  Journ.  Dis.  Child.,  Chicago,  1934, 
xlviii.  1316;  Fabre,  J.  P.  A.,  Traite  du  goitre  et  du  cretinisme,  Paris,  1857; 
Fagge,  C.  H.,  Med.-Chir.  Trans.  Lond.,  1871,  liv.  155;  idem,  Trans.  Path.  Soc. 
Lond.,  1874,  xxv.  268;  idem,  Principles  and  Practice  of  Medicine,  Lond.,  1886, 
i.  756 ;  Fodere,  F.  E  .,Essai  sur  le  goitre  et  le  cretinisme,  Turin,  1792  ;  Gardiner  - 
Hill,  H.,  The  Chances  of  Morbid  Inheritance  (Blacker),  Lond.,  1934,  p.  318; 
Goodhart,  J.  F.,  Med.  Times  and  Gaz.,  Lond.,  1880,  i.  474;  Gordon,  M.  B., 
Endocrinol.,  Los  Angeles,  1922,  vi.  235;  Gull,  W.  W.,  Trans.  Clin.  Soc.  Lond., 
1874,  vii.  18;  Jones,  D.  W.  C.,  Proc.  Roy.  Soc.  Med.,  Lond.,  1928,  xxi.  1217; 
McCarrison,  R.,  Lancet,  1908,  ii.  1275;  idem,  Proc.  Roy.  Soc.  Med.,  Lond., 
1913-14,  vii  (Sect.  Dis.  Child),  1-31;  idem,  The  Thyroid  Gland  in  Health  and 
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Disease,  Lond.,  1917;  Mackenzie,  H.,  System  of  Medicine  (Allbutt  and 
Rolleston),  Lond.,  1908,  vol.  iv,  part  i,  p.  334;  Murray,  G.  R.,  Disease  of 
the  Thyroid  Gland,  Lond.,  1900,  part  i,  p.  84;  Ord,  W.  M.,  Med.-Chir.  Trans., 
Lond.,  1877,  lxi.  57;  Osler,  W.,  Am.  Journ.  Med.  Sc.,  Pliila.,  1897,  cxiv.  377 ; 
Phillips,  S.,  Trans.  Clin.  Soc.  Lond.,  1885,  xviii.  248;  Pineles,  F.,  ‘LTeber 
Thyreo-aplasie  ’,  Wien.  Jclin.  Wchnschr.  1902,  xv.  1129;  De  Quervain,  F., 
quoted  by  Boothby;  Richardson,  H.,  The  Thyroid  and  Parathyroid  Glands, 
1905;  Semon,  F.,  Brit.  Med.  Journ.,  1883,  ii.  1072;  Siemens,  H.  W.,  Die 
Zwillingspathologie,  Berlin,  1924  ;  Zondek,  H.,  Diseases  of  the  Endocrone  Glands, 
Lond.,  1935,  p.  207. 

Morbid  Anatomy.  In  endemic  cretinism  there  may  be  a  nodular 
goitre,  but  the  gland  is  fibrotic  and  inactive.  The  Sardinian  Com¬ 
mission  found  a  goitre  in  a  third  of  the  cretins.  Among  203  endemic 
cases  in  India  examined  by  McCarrison  (1908)  there  was  a  goitre  in 
88,  or  43  per  cent.,  and,  except  in  2  cases  with  a  congenital  goitre, 
evidence  of  endemic  cretinism  preceded  the  appearance  of  goitre. 

In  sporadic  cretinism  there  may  be  congenital  absence  or  hypo¬ 
plasia  of  the  thyroid ;  in  such  cases  there  may  be  an  atrophied  or 
cystic  fragment  of  thyroid  tissue  near  the  foramen  caecum  of  the 
tongue.  Usually  the  atrophied  remains  of  the  thyroid  are  present  in 
the  normal  position ;  in  rare  instances  there  are  small  cysts  in  a 
goitre;  Muir  (1933)  figured  this  change.  Goitre  is  very  rare;  it  was 
present  in  17  of  340  cases  (Gordon).  Gulliver  (1852-91)  in  1886 
mentioned  a  sporadic  cretin,  a  boy  aged  18  years,  with  an  enlarged 
thyroid  found  by  Shattock  (1852-1924)  to  be  a  carcinoma;  but 
Gulliver  argued  that  the  carcinoma  developed  as  the  result  of  the 
changes  in  the  thyroid  responsible  for  cretinism. 

The  Parathyroids .  In  endemic  cretinism  fibrosis  (McCarrison)  has 
been  recorded.  In  the  sporadic  form  they  have  been  described  as 
normal  (MacCallum  and  Fabyan,  1907).  In  one  case  a  large  para- 
thyroma  was  present  (May). 

Pituitary.  As  in  adult  myxoedema,  enlargement  of  the  pituitary 
has  been  reported,  for  example  by  Niepce  (1851),  Bourneville  and 
Bricon  (1886),  Boyce  and  Beadles  (1893),  Comte  (1898),  Packard 
and  Hand  (1901),  MacCallum  and  Fabyan.  On  the  other  hand,  it 
has  been  stated  to  be  usually  atrophied  (Schonemann,  1892  ;  Coulon, 
1897).  In  exceptional  instances  the  anterior  pituitary  has  been 
cystic  (Kraus  and  Holzer,  1924).  Various  descriptions  have  been 
given  of  the  cells  in  the  anterior  pituitary:  an  increased  number 
of  eosinophils  (Bayon,  1903);  larger  masses  of  larger  cells  than 
normal,  and  numerous  basophils,  eosinophils  being  present  but 
shrunken  (MacCallum  and  Fabyan) ;  mainly  chromophobes  with 
much  secretion,  and  colloid  in  the  pars  intermedia  (Blair  Bell,  1919) ; 
mainly  vacuolated  chromophobes  (Eaves  and  Croll,  1923);  large 
chromophobes,  the  eosinophils  and  basophils  being  diminished  in 
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number  (Wegelin,  1925).  The  dwarfism  has  been  ascribed  to  diminu¬ 
tion  in  the  number  of  eosinophil  cells  in  the  anterior  pituitary  by 
Zechwer,  Davison,  Keller,  and  Livingood  (1935),  who  found  almost 
complete  absence  of  these  cells. 

Thymus.  Persistence  was  reported  by  Bourne ville  and  by  Marie 
(1893).  In  endemic  cretinism  it  was  described  as  large  by  Comte 
(1898) ;  it  has,  however,  been  stated  to  be  usually  small.  In  Burck- 
hardt's  case  (1895)  the  adrenals  were  small.  Increase  in  the  number 
and  size  of  the  islands  of  Langerhans  have  been  reported  (Eaves  and 
Croll,  1928).  In  the  cerebellar  cortex  the  Purkinje  cells  have  been 
described  as  malformed  and  displaced  (Lotmar). 

The  growth  of  bone,  both  endochondral  and  intra-membranous,  is 
much  delayed ;  the  epiphyses,  which  are  enlarged,  remain  ununited 
much  longer  than  normal ;  the  bones  are  smaller  and  the  long  bones 
shorter  than  normal.  The  base  of  the  skull  is  shortened  as  the  result 
of  deficient  cartilaginous  ossification  (Muir  1933). 

Supraclavicular  fatty  tumours  in  the  posterior  triangle  of  the 
neck  were  present  in  24  per  cent,  of  203  endemic  cretins  in  India 
(McCarrison,  1908).  In  course  of  time  they  often  appear  in  sporadic 
cretins.  The  fat  cells  were  found  by  MacCallum  and  Fabyan  (1907) 
to  contain  the  fat  in  fine  droplets  rather  than  a  large  drop. 

Congenital  defects  are  rare,  thus  contrasting  with  their  frequency 
in  mongolism. 

Bayon,  G.  P.,  Verhandl.  d.  phys.-med.  Gesellsch.  zu  Wilrzb.,  1903-4,  n.p.,  xxxiii. 
1-120;  Bell,  W.  B.,  The  Pituitary  Glared ,  LoncL,  1919,  p.  262;  Bourneville, 
D.  M.,  et  Bricon,  P.,  Arch,  neurol.,  Paris,  1886,  xii.  137,  292;  Boyce,  R.,  and 
Beadles,  C.  F.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1893,  i;  Bitrckhardt,  O., 
Rev.  need.  Suisse  Pom.,  Geneve,  1895,  xv.  341 ;  Comte,  L.,  Beitr.  z.  path.  Anat. 
u.  z.  allg.  Path.,  Jena,  1898,  xxiii.  104;  Coulon,  Virchows  Arch.,  1897,  cxlvii.  53  ; 
Eaves,  E.  C.,  and  Croll,  M.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1928,  xxxi. 
168;  Gordon,  M.  B.,  Endocrinol.,  Los  Angeles,  1922,  vi.  235;  Gulliver,  G., 
Trans.  Path.  Soc.  Bond.,  1886,  xxxvii.  511;  Kraus,  E.  J.,  und  Holzer,  H., 
Virchows  Arch.,  1924,  ccli.  253;  MacCallum,  W.  G.,  and  Fabyan,  M.,  Bull. 
Johns  Hopkins  Hosp.,  Baltimore,  1907,  xviii.  341;  McCarrison,  R.,  Lancet, 
1908,  ii.  1275;  Marie,  P.,  Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris,  1893,  3  s.,  x. 
136;  May,  J.  M.,  Ann.  d: anat.  path.,  Paris,  1935,  xii.  1126;  Muir,  R.,  Text-book 
of  Pathology,  Bond.,  1933,  p.  902;  Niepce,  A.,  Goitre  et  cretinisme,  Paris,  1851 ; 
Packard,  F.  A.,  and  Hand,  A.,  Am.  Journ.  Med.  Sc.,  Phila.,  1901,  exxii.  289; 
Schonemann,  A.,  Virchows  Arch.,  1892,  cxxix.  310;  Wegelin,  C.,  ibid.,  1925, 
ccliv.  689;  Zechwer,  I.  T.,  Davison,  L.  W.,  Keller,  T.  B.,  and  Livingood, 
C.  S.,  Am.  Journ.  Med.  Sc.,  Phila.,  1935,  cxc.  145. 

Clinical  Picture.  The  future  sporadic  cretin  is  usually  not  recog¬ 
nized  as  such  until  some  months  after  birth,  thus  contrasting  with 
the  mongolian  idiot  who  is  obviously  affected  at  birth.  This  delay 
in  the  appearance  of  the  characters  of  sporadic  cretinism  has  been 
explained  by  the  assumption,  which  Woollard  (1932)  contested,  that 
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a  supply  of  the  thyroid  hormone  from  the  mother  has  been  stored 
up  in  foetal  life.  The  offspring  of  goitrous  mothers,  however,  may  be 
cretinoid  from  birth,  thus  showing  a  transition  to  endemic  cretinism. 

Cretinism  is  an  excellent  example  of  arrest  of  bodily  and  mental 
development  or  infantilism  {vide  p.  188).  Though  hideous — ‘facies 
vix  humana ’  (Haller) — cretins  look  much  younger  than  their  age 
on  account  of  their  dwarfed  state,  and  present  a  characteristic 
appearance  which  has  been  likened  to  that  of  a  pig  ;  the  facial  expres¬ 
sion  is  stolid  and  apathetic,  the  eyelids  puffy,  and  the  pa  lpebral  fissures 
thus  narrowed,  but  horizontal  and  not  with  the  slant  of  a  mongol ; 
the  cheeks  are  baggy  but  usually  without  the  circumscribed  malar 
Hush  so  common  in  adult  myxoedema.  The  nose  is  depressed,  the 
lips  thick  and  cyanosed,  the  tongue  enlarged  and  projecting  from 
the  wide  open  mouth.  The  skin  is  dry,  thickened,  rough,  and  sallow, 
and  the  myxoedematous  condition  of  the  subcutaneous  and  sub¬ 
mucous  tissues  increases  progressively  with  time,  and  eventually 
supraclavicular  lipomas  appear.  Zondek  (1935)  contrasted  the 
shrivelled,  wrinkled,  flabby  skin  in  endemic  cretinism  with  the  con¬ 
dition  in  myxoedema.  The  hair  becomes  scanty.  Disappearance  of 
the  outer  third  of  the  eyebrow  has  been  regarded  as  pointing  to 
hypothyroidism,  but  it  may  be  seen  in  otherwise  normal  children 
(Cockayne,  1935b).  The  skull  is  long,  dolichocephalic,  and  on  the 
large  side  ;  the  anterior  fontanelle  remains  open  for  years  ;  J.  Thomson 
(1856-1926)  in  1925  recorded  this  in  a  cretin  aged  36  years.  The  milk 
teeth  may  be,  but  are  not  always,  late  in  erupting,  and  decay  early  ; 
the  permanent  teeth  may  be  much  delayed  into  adult  years,  the  milk 
teeth  in  the  meanwhile  remaining  in  the  jaw. 

The  limbs  are  short  as  compared  with  the  trunk  which  is  also  much 
dwarfed,  and  tend  to  be  bowed.  The  normal  growth  of  the  epiphyses 
is  much  delayed ;  the  bone-age  in  two  cases  studied  by  Canello  and 
Lisser  (1935)  was  10  years  in  a  female  cretin  aged  32  years,  and  under 
1  year  in  another  aged  12  years.  The  hands  are  broad,  stumpy  with 
wrinkled  skin,  and  often  with  cyanosis  of  the  square-tipped  fingers 
which  contrast  with  the  tapering  digits  of  the  mongol.  Walking  may 
be  delayed  until  the  fifth  or  sixth  year  and  then  is  clumsy  and  wad¬ 
dling.  The  cretin  is  abnormally  quiet,  lethargic,  and  still,  and  the 
movements  slow.  Various  degrees  of  rigidity  may  be  present ;  diplegia 
was  noted  in  3  out  of  62  cases  (J.  Thomson,  1925)  and  ascribed  in 
all  probability  to  parathyroid  insufficiency.  Tetany  with  a  low  blood 
calcium  has  been  cured  by  parathormone  (Cockayne,  1934),  and 
stiffness  of  the  knees  by  thyroid  medication  (Canello  and  Lisser,  1935). 

Mental  processes  are  much  retarded,  and  idiocy  is  present  in 
severe  cases.  Speech  is  much  delayed  and  the  voice  rough.  Deafness 
may  be  due  to  swelling  of  the  mucous  membrane  of  the  Eustachian 
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I  tube  and  to  adenoids.  In  endemic  cretins  McCarrison  (1908)  found 
deaf- mutism  in  87  per  cent.,  complete  in  the  majority,  partial  in 
I  the  minority,  and  associated  especially  with  the  ‘nervous’  form  of 
i  cretinism  and  largely  due  to  changes  in  the  nervous  tissues. 

The  blood  shows  anaemia  with  a  greater  reduction  of  haemoglobin 
than  of  red  blood  corpuscles,  and  a  lymphocytosis  with  a  diminution 
in  the  polymorphonuclear  leucocytes.  The  condition  of  ‘myxoedema 
heart’,  described  in  adults  in  1918  by  H.  Zondek,  has  been  found  in 
cretins  (Cori,  1921 ;  Thacher,  1924).  The  abdomen  is  protuberant, 
the  umbilicus  projects  and  is  often  herniated ;  constipation  is  almost 
invariable.  Ophthalmological  evidence  of  an  enlarged  pituitary,  such 
as  has  occasionally  been  found  in  myxoedema,  is  not  forthcoming. 

The  basal  metabolic  rate  is  low.  Talbot  (1916)  was  one  of  the  first, 
if  not  the  first,  to  investigate  this  in  infant  cretins,  and  in  1922  G.  B. 
Fleming  examined  two  more.  Other  estimations  have  been  made 
(Boothby,  1921 ).  The  metabolic  rate  is  raised  by  thyroid  treatment. 
The  glucose  tolerance  is  increased,  the  respiration  rate  much  slowed, 
and  the  bodily  temperature  low  in  untreated  cretins ;  it  also  rises  as 
the  result  of  thyroid  medication.  Menstruation  is  absent  or  irregular. 
I  have  seen  tuberculosis  supervene. 

Diagnosis.  There  are  transitions  between  the  endemic  and 
sporadic  forms  of  cretinism,  and  some  of  the  worst  cases  seen  in  this 
country  may  be  essentially  the  same  as  those  seen  in  districts  where 
goitre  is  markedly  endemic.  It  may  be  difficult  to  decide  whether  a 
given  case  should  be  regarded  as  one  of  sporadic  cretinism  or  of  in¬ 
fantile  or  childhood  myxoedema  due  to  some  post-natal  thyroiditis. 

In  the  past  cretinism  has  been  confused  with  rickets,  achondro¬ 
plasia  ( vide  p.  489)  and  mongolism  (vide  p.  484).  The  skeletal  changes 
in  rickets  and  achondroplasia  superficially  resemble  those  of  cretinism. 
Experimental  cretinism  has  been  found  to  cause  rickety  changes 
which  were  not  controlled  by  the  anti-rachitic  vitamins  (Kunde  and 
Carlson,  1927),  and  Barker  (1931)  suggested  a  similar  condition  in  a 
case  of  sporadic  cretinism.  Douglas  Symmers  and  Wallace  (1913) 
brought  forward  evidence  to  show  that  in  some  cases  of  achondro¬ 
plasia  the  thyroid  has  undergone  changes  which  are  responsible  for 
alterations  in  the  soft  parts  resembling  those  of  cretinism,  and  that 
there  is  therefore  a  combination  of  achondroplasia  and  cretinism. 
The  cases  described  as  cretins  in  1884  by  Bowlby  (1855-1929)  appear 
to  have  been  examples  of  achondroplasia,  first  definitely  described  by 
Parrot  (1829-83)  in  1878.  Mentally  achondroplasics  are  well  up  to 
the  average,  develop  the  secondary  sexual  characters  normally,  and 
are  not  benefited  by  thyroid  treatment. 

Mongolism  is  present  at  birth  and  does  not  interfere  with  growth 
to  the  same  extent  as  does  sporadic  cretinism  which  does  not  become 
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manifest  for  some  months  after  birth.  The  large  dolichocephalic  head 
of  the  cretin  contrasts  with  the  brachycephaly  of  the  mongol,  and  the 
dull  puffy  facies  of  the  cretin  is  quite  unlike  the  chubby  usually  florid 
and  vivacious  appearance  of  the  mongol ;  the  horizontal  palpebral 
fissures  of  the  cretin  differ  from  the  almond-shaped  fissures  sloping 
obliquely  upwards  and  outwards  of  the  mongol.  Unless,  as  sometimes 
happens,  hypothyroidism  complicates  mongolism,  thyroid  treatment 
does  not  benefit  the  mongol. 

A  syndrome,  probably  often  regarded  as  cretinism,  was  described 
by  Cockayne  (1935a);  it  is  characterized  by  mental  deficiency,  en¬ 
largement  of  the  liver  and  spleen,  widespread  abnormalities  of  the 
skeleton,  a  long  flat  pituitary  fossa,  corneal  opacities,  coarse  hair, 
and  a  large  ugly  face. 

Prognosis.  There  is  not  any  tendency  for  the  disease  to  be  self¬ 
limited  and  to  undergo  spontaneous  cure  ;  untreated  cretins  may  live 
long,  but  remain  dwarfs  and  mental  defectives.  Prognosis  depends 
largely  on  how  early  the  treatment  is  begun,  but  also  on  the  con¬ 
tinuation  of  treatment  throughout  life  ;  generally  speaking  the  earlier 
it  is  started  the  greater  the  improvement.  But  this  is  not  all ;  for 
some  cases  are  disappointing  although  little  time  is  lost  in  beginning 
thyroid  medication,  whereas  other  patients  in  whom  it  is  not  started 
until  some  years  have  elapsed  do  unexpectedly  well.  The  factor  of 
the  amount  of  permanent  damage  done  must  be  considered. 

As  a  result  of  thyroid  treatment  improvement  is  more  noticeable 
physically  than  mentally,  and  is  more  rapid  and  successful  in  sporadic 
than  in  the  endemic  form.  In  the  sporadic  form  the  effects  of  treatment 
are  usually  quite  obvious,  especially  in  the  facial  appearance,  after 
a  few  weeks.  When  the  response  to  treatment  is  satisfactory  the  one¬ 
time  cretin  may  become  physically  indistinguishable  from  ordinary 
people,  and  be  able  to  earn  a  living.  Mentally,  however,  improve¬ 
ment  is  usually  less  perfect,  and  children  are  more  or  less  backward 
for  their  age.  There  are  exceptions ;  a  cretin  treated  by  Cockayne 
(1934)  gained  a  scholarship.  Females  may  conceive  and  have  normal 
offspring.  In  cases  with  spasticity  response  to  treatment,  even  when 
begun  early,  is  poor  as  regards  mental  improvement,  though  it  may 
be  satisfactory  from  the  physical  point  of  view. 

Barker,  L.  F.,  Internal.  Clinics,  Phila.,  1931,  ser.  41,  i.  13;  Boothby,  W.  M., 
Journ.  Am.  Med.  Assoc.,  Chicago,  1921,  lxxvi.  84;  idem,  Collected  Papers  of 
Mayo  Clinic,  1928,  xx.  514;  Bowlby,  A.  A.,  Trans.  Path.  Soc.  Lond.,  1884, 
xxxv.  450;  Canello,  C.  K.,  and  Lisser,  H.,  Endocrinol.,  Los  Angeles,  1935, 
xix.  21 ;  Cockayne,  E.  A., Diseases  of  Children  (Thnrsfield  and  Paterson),  Lond., 
1934,  p.  536 ;  idem  (a),  Proc.  Roy.  Soc.  Med.,  Lond.,  1935,  xxviii,  1067  ;  idem  (b), 
Practitioner ,  Lond.,  1935,  cxxxv,  767 ;  Cori,  G.,  Ztschr.  f.  d.  ges.  exper. 
Med.,  Hamb.,  1921,  xxv.  250;  Fleming,  G.  B.,  Quart.  Journ.  Med.,  Oxford, 
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Baltimore,  1927,  lxxxii.  630;  McCarrison,  R.,  Lancet,  1908,  ii.  1275;  Symmers, 
D.,  and  Wallace,  G.  H.,  Arch.  Int.  Med.,  Chicago,  1913,  xii.  37  ;  Talbot,  F.  B., 
Am.  Journ.  Dis.  Child.,  Chicago,  1916,  xii.  145 ;  Thacher,  C.,  ibid.,  1924,  xxviii. 
25 ;  Thomson,  J.,  The  Clinical  Study  and  Treatment  of  Sick  Children,  Edin., 
1925,  p.  444;  Woollard,  H.  H.,  Journ.  Anat.,  Cambridge,  1932,  lxvi.  242; 
Zondek,  H.,  Munchen.  med.  Wchnschr.,  1918,  lxv.  1180;  idem,  Diseases  of  the 
Endocrine  Glands,  Lond.,  1935,  p.  211. 


Treatment.  In  the  sixth  century  a.d.  cretinism  is  said  to  have 
been  treated  in  China  by  the  administration  of  sheep's  thyroid 
(Hume).  Otherwise  what  treatment  the  subjects  of  this  disease  got 
was  that  for  their  mental  state. 

Grafting  of  a  thyroid  was  performed  in  1890  by  Lannelongue  (1840- 
1911).  In  Great  Britain  the  first  operation  of  this  kind  was  done  in 
1891  by  Gibson,  who  repeated  it  on  the  same  cretin  in  the  following 
year.  A  graft  of  the  thyroid  from  a  case  of  toxic  goitre  has  been 
carried  out,  a  piece  of  the  superior  thyroid  artery  attached  to  the 
gland  being  sutured  into  the  common  carotid  of  the  cretin  (  Bogoras, 
1926). 

Thyroid  medication  was  a  logical  sequence  of  Murray’s  introduc¬ 
tion  of  this  method  in  1891  for  adult  myxoedema,  and  of  the  recogni¬ 
tion  of  the  unity  of  myxoedema  and  cretinism.  Cases  were  reported 
in  1893  by  Osier,  Vermehren,  Carmichael,  John  Thomson,  W.  W. 
Ord,  Hellier,  and  Paterson.  Byrom  Bramwell  began  the  treatment 
in  that  year  and  published  results  in  January  1894.  Bourneville  was 
also  early  in  adopting  the  treatment,  and  in  1896  recorded  cases, 
adding  that 4  for  several  years  ’  he  had  done  so,  at  first  by  hypodermic 
injections  which,  however,  had  not  given  good  results. 

Treatment  by  thyroid  preparations  should  begin  as  early  as  possible 
after  the  condition  is  diagnosed  and  be  continued  for  life.  Adminis¬ 
tration  should  be  oral,  and  the  proper  dose  must  be  determined  for 
each  patient,  for  this  may  vary  considerably  in  different  individuals. 
As  some  cretins  are  hypersensitive  to  thyroid,  the  first  dose  should 
be  small — a  total  of  J  to  J  grain  in  the  24  hours  during  the  first  year 
of  life  and  increased  with  age,  preferably  given  in  two  instalments  of 
thyroideum  siccum  B.P.,  or  its  equivalent  of  some  other  preparation. 
The  cretin  should  then  be  carefully  watched  for  symptoms  of  in¬ 
tolerance— namely,  vomiting,  diarrhoea,  faintness,  and  fever.  This 
intolerance  has  been  overcome  by  a  series  of  small  doses  (J.  Thomson, 
1925).  If  toxic  symptoms  do  not  follow,  the  dose  should  be  repeated 
on  the  third  day  so  as  to  allow  for  the  latent  period  before  thyroid 
extract  exerts  its  effect.  The  dose  should  then  be  increased  every 
week  until  satisfactory  results  are  obtained  without  toxic  symptoms, 
such  as  malaise,  headache,  nervousness,  sweating,  and  progressive 
loss  of  weight,  which  show  that  the  amount  is  excessive.  In  patients 
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otherwise  doing  well  thyroid  treatment  often  causes  troublesome 
enuresis,  which  does  not  respond  to  belladonna.  In  a  child  of  4  years 
a  daily  dose  of  2  grains  commonly  acts  well,  and  for  older  patients 
double  that  amount  or  more  may  be  necessary  to  get  the  best  results, 
which  are  obtained  by  amounts  just  short  of  those  causing  signs  of 
intolerance.  The  most  exact  means  of  determining  the  dose  is 
estimation  of  the  basal  metabolic  rate,  but  as  this  is  difficult  in  babies 
and  young  children  careful  clinical  observation  must  be  relied  on.  If 
the  treatment  is  interrupted  the  symptoms  return  after  a  few  weeks, 
even  when  great  progress  towards  the  normal  has  been  made ;  the 
treatment  is  substitutional  and  not  curative. 

As  already  mentioned,  the  results  of  treatment  vary,  but  usually 
after  a  few  weeks  physical  improvement  is  quite  obvious,  especially 
in  the  facial  appearance.  Sometimes  the  coarse  hairs  drop  out  at 
an  early  stage  to  be  succeeded  by  a  better  crop.  Growth  is  particularly 
rapid  at  first. 

When  treatment  is  begun  in  late  childhood  softening  of  the  bones 
may  follow,  and  necessitate  rest  (Thomson,  1896).  For  the  nervous 
type  of  endemic  cretinism  Boothby  (1929)  recommended  iodine  as 
well  as  desiccated  thyroid ;  McCarrison,  however,  advised  parathy¬ 
roid  extract. 

Prophylaxis.  When  a  goitrous  mother  has  had  a  cretin  child  it 
would  be  advisable  to  treat  her  with  thyroid  during  subsequent 
pregnancies. 
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Brit.  Med.  Journ.,  1894,  i.  6;  Carmichael,  E.,  Lancet,  1893,  i.  580  ;  Gibson,  J., 
Brit.  Med.  Journ.,  1893,  i.  1049;  Hellier,  J.  B.,  Lancet,  1893,  ii.  1116;  Hume, 
E.  H.,  Science,  N.Y.,  1924,  n.s.,  lix.  345;  Lannelongue,  O.  M.,  Bull,  med., 
Paris,  1890,  iv.  225;  Ord,  W.  W .,  Lancet,  1893,  ii.  1118;  Osler,  W .,  Am.  Journ. 
Med.  Sc.,  Phila.,  1897,  cxiv.  377  ;  Paterson,  G.,  Lancet,  1893,  ii.  1116 ;  Thomson, 
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1893,  xix.  255. 

Myxoedema 

Hypothyroidism  is  one  of  the  comparatively  few  diseases  first 
recognized  in  children  and  only  after  a  considerable  time  had 
elapsed  to  be  detected  in  adults ;  this  was  probably  due  to  the  large 
number  of  endemic  cretins  in  parts  of  Europe  where  goitre  was  rife 
as  compared  with  the  sporadic  and  far  less  frequent  occurrence  of 
myxoedema  in  adults.  There  are  some  ancient  representations  of 
myxoedema ;  for  example  in  a  painting  of  the  battle  between  the 
centaurs  and  the  Lapithae  by  Piero  di  Cosimo  (1441-1521)  a  woman, 
whom  a  centaur  is  carrying  off,  presents  the  features  of  the  disease. 

Hilton  Fagge’s  prophetic  anticipation  in  1 87 1  of  the  first  appearance 
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of  cretinism  in  adult  life,  which  has  perhaps  hardly  been  duly  recog¬ 
nized,  did  not  have  long  to  wait  for  confirmation.  On  October  24, 
i  1873,  W.  W.  Gull,  his  senior  colleague  at  Guy’s  Hospital,  described 
before  the  Clinical  Society  of  London,  of  which  he  had  just  been 
i  president,  5  cases  of  ‘A  Cretinoid  Condition  supervening  in  Adult 
i  Life  in  Women’.  Before  this,  in  1869,  John  Byrom  Bramwell  (1822- 
84),  of  North  Shields,  pointed  out  to  his  son  Sir  Byrom  Bramwell 
(1847-1931 )  all  the  essential  clinical  features  of  what  he  believed  was 
a  new  disease,  meaning  thereby  that  it  had  never  been  described, 
but  he  did  not  publish  any  account  of  his  observations. 

Sir  William  Withey  Gull  was  bom  on  December  31,  1816,  at  Col¬ 
chester  as  the  youngest  son  in  the  family  of  eight  of  a  barge  owner  who 
died  of  cholera  when  the  future  physician  was  10  years  old.  Young 
Gull  was  brought  up  by  his  mother,  and  in  1837  was  fortunate  enough 
to  attract  the  notice  of  Benjamin  Harrison  (1771-1856),  for  fifty  years 
the  masterful  Treasurer  of  Guy’s  Hospital  and  known  as  ‘King 
Harrison’,  who  made  him  an  apprentice  with  residence  and  fifty  pounds 
a  year  at  Guy’s  Hospital.  Gull  acted  up  to  Harrison’s  exhortation  ‘I 
can  help  you  if  you  will  help  yourself’  with  such  effect  that  in  four 
years  he  was  medical  tutor  and  so  had  got  his  foot  on  the  first  rungs 
of  the  ladder  of  success.  During  his  first  ten  years  at  Guy’s  he  lived 
almost  entirely  in  the  hospital  in  one  capacity  or  another,  such  as 
assistant  to  Mr.  Stocker  who,  as  apothecary  to  the  hospital,  did  the 
work  now  performed  by  house-physicians,  as  superintendent  of  the 
wards  for  lunatics,  and  as  resident  physician,  thus  laying  the  sure 
foundations  of  a  special  interest  in  diseases  of  the  nervous  system. 
In  1849  he  was  Fullerton  professor  of  physiology  at  the  Royal  Institu¬ 
tion  ;  two  years  later  he  became  assistant  physician  to  Guy’s  Hospital 
and  remained  on  the  active  staff  until  1865,  when  he  resigned  on 
account  of  his  large  practice.  He  was  elected  F.R.S.  in  1869,  and  in 
1871  attended  the  Prince  of  Wales  in  a  severe  attack  of  typhoid  fever, 
being  created  a  baronet  in  the  following  year.  He  took  a  very  active 
part  in  the  medical  life  of  London,  was  a  contemporary  of  Sir  William 
Jenner  (1815-98)  and  Sir  Andrew  Clark  (1826-93),  the  two  other 
leading  physicians  of  the  day ;  but,  unlike  them,  was  never  president 
of  the  Royal  College  of  Physicians  of  London. 

Gull  was  a  great  clinical  observer  and  teacher,  with  wonderful  acumen 
in  diagnosis — the  clinical  instinct  due  to  experience  emerging  from  the 
unconscious;  W.  H.  Dickinson  (1832-1913),  President  of  the  Patholo¬ 
gical  Society  at  the  time  of  Gull’s  death,  said  that  he  had  never  met  a 
physician  in  the  post-mortem  room  whose  diagnosis  was  so  well  borne 
out  by  what  was  found  there.  His  wide  and  philosophical  outlook  on 
medicine  was  shown  in  the  conception  of  arterio -capillary  fibrosis 
which,  with  H.  G.  Sutton  (1837-91)  in  1872,  he  showed  was  a  wide¬ 
spread  change,  which  might,  or  might  not,  lead  to  the  chronic  granular 
kidney  of  Bright’s  disease.  A  similar  collaboration  on  the  treatment 
of  acute  rheumatism  by  mint  water  was  undertaken  in  order  to  get  a 
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clear  conception  of  the  natural  course  of  the  disease  and  the  effect  of 
the  contemporary  methods  of  treatment,  mainly  the  alkaline  treat¬ 
ment  of  H.  W.  Fuller  (1820-73).  In  this  connexion  reference  may  be 
made  to  Richard  Warren  (1731-97),  who  in  answer  to  the  question  of 
a  practitioner  anxious  to  know  what  was  good  for  rheumatic  fever 
replied  ‘six  weeks’.  The  salicylate  treatment  was  first  advocated  in 
1876  by  J.  T.  Maclagan  (1838-1903)  the  medical  attendant  of  Thomas 
Carlyle ;  I  well  remember  hearing  Sir  William  Gull  about  1881  ask  his 
daughter,  then  a  Sister  at  Guy’s,  about  ‘the  new  salicylate  treatment’. 

With  a  remarkable  presence,  in  face,  form  and  manner  resembling 
the  first  Napoleon,  he  exerted  a  powerful  influence,  often  a  fascina¬ 
tion,  over  others,  especially  patients.  Like  his  contemporary  Sir 
Andrew  Clark  (1826-93),  he  was  fond  of  oracular  aphorisms,  and  no 
doubt  cultivated  an  art  which  had  obvious  advantages  in  practice; 
many  of  these  have  been  handed  down,  such  as  the  information  so 
comforting  to  a  neurotic:  ‘You  are  a  healthy  man  out  of  health’,  and 
the  reassuring  verdict  to  the  anxious  friends :  ‘  There  is  nothing  really 
wrong  ;  Mrs.  X.  is  herself  multiplied  by  four.’  The  reflection  ‘We  still 
have  doctors  who  believe  in  themselves  ’  may  require  some  considera¬ 
tion.  Such  success  as  Gull’s  has  its  dangers,  and  he  sometimes  allowed 
his  conscious  superiority  to  overlook  the  existence  or  at  least  the  sus¬ 
ceptibilities  of  others.  He  was  versatile,  had  a  great  knowledge  of  men 
as  well  as  of  medicine,  was  never  in  a  hurry,  possessed  great  powers  of 
concentration  and  shared  with  some  other  great  men  the  faculty  of 
going  to  sleep  at  any  moment.  In  early  life  he  came  under  the  in¬ 
fluence  of  Frederick  Denison  Maurice  (1805-72)  who  was  chaplain  at 
Guy’s  Hospital  for  ten  years  from  1836.  Gull  was  religious  in  a  wide 
sense,  on  one  occasion  describing  himself  as  a  ‘  Christian  agnostic  ’ .  Much 
inclined  to  metaphysical  consideration,  he  was  the  friend  and  helper 
of  James  Hinton  (1822-75)  the  mystic,  author  of  The  Mystery  of  Pain 
(1866)  and  other  works.  Gull’s  favourite  author  was  George  Herbert, 
but  he  read  widely  and  was  an  admirer  of  Sir  Thomas  Browne’s  Religio 
Medici.  Though  not  the  author  of  any  treatise  he  wrote  widely  and 
well.  He  died  from  a  third  attack  of  apoplexy  on  January  30,  1890, 
and  left  more  than  £344,000,  a  considerable  part  of  which  was  due  to 
well-advised  investments. 

Memoir  by  T.  D.  Acland  in  A  Collection  of  the  published  Writings  of  W.  W. 
Gull,  New  Sydenham  Soc.,  Lond.,  1896. 

On  October  23,  1877,  W.  M.  Ord  (1834-1902)  read  a  paper  before 
the  Royal  Medical  and  Chirurgical  Society  on  ‘  Myxoedema :  a  term 
proposed  to  be  applied  to  an  essential  condition  in  the  “cretinoid” 
affection  occasionally  observed  in  middle-aged  women '.  This  account 
was  based  on  5  cases,  observations  dating  from  1861,  and  investiga¬ 
tion  of  the  morbid  anatomy  in  one  case ;  this  thyroid  is  preserved 
in  the  museum  of  St.  Thomas’s  Hospital,  and  was  shown  among 
the  collection  of  historical  or  ‘type’  specimens  at  the  jubilee  of  the 
old  Pathological  Society  of  London  on  October  20,  1896.  For  the 
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construction  of  the  name  ‘myxoedema’  Ord  relied  on  the  chemical 
i  analysis,  made  by  T.  Cranstoun  Charles  (1850-94),  of  the  swollen 
skin  of  the  feet,  which  was  stated  to  contain  fifty  times  the  normal 
i  amount  of  mucin. 

William  Miller  Ord  was  born  at  Brixton  Hill  on  September  23,  1834, 
as  the  elder  of  the  two  sons  of  George  Ord  (1803-86),  F.R.C.S.,  a 
general  practitioner.  He  was  educated  at  King’s  College  School, 
London,  where  he  showed  such  promise  in  classics  that  his  teachers 
recommended  him  to  go  up  to  Oxford ;  but,  as  in  the  case  of  Hilton 
Fagge,  this  advice  was  not  acted  upon.  Entering  the  Medical  school 
of  St.  Thomas’s  Hospital,  then  close  to  Guy’s  Hospital,  he  held  a 
number  of  junior  surgical  appointments  and  then  for  a  time  joined  his 
father  in  practice.  In  1870  he  was  elected  assistant  physician  and  in 
one  capacity  or  another  was  for  the  rest  of  his  life  attached  to  St. 
Thomas’s  Hospital  and  its  Medical  school.  In  1877  he  became  full 
physician,  and  in  that  year  went  through  the  ordeal,  for  a  teacher  of 
other  candidates,  of  the  examination  for  the  M.D.  of  the  University 
of  London,  and  qualified  for  the  gold  medal.  With  a  considerable  con¬ 
sulting  practice,  a  popular  clinical  teacher  who  carried  on  the  tradition 
of  his  senior  colleague  Charles  Murchison  (1830-79),  Ord  was  most 
active  in  medical  London ;  he  was  secretary  of  the  Committee  which 
prepared  the  second  edition  of  the  official  Nomenclature  of  Diseases 
issued  by  the  Royal  College  of  Physicians  in  London  in  1880,  and  in 
the  following  year  was  secretary  of  the  Medical  section  of  the  Inter¬ 
national  Congress  of  Medicine  held  in  London.  He  was  President  of  the 
Medical  Society  of  London  (1885)  where  in  1894  he  gave  the  annual 
oration  on  ‘A  Doctor’s  Holiday’  in  which,  while  admitting  a  diversity 
of  tastes,  he  inclined,  apparently  from  his  own  hobbies,  to  the  distrac¬ 
tions  of  natural  history  and  literature.  He  was  chairman  of  the  Com¬ 
mittee  of  the  Royal  Medical  and  Chirurgical  Society,  which  drew  up 
the  Report  on  the  Climates  and  Baths  of  Great  Britain  (vol.  i,  1895, 
vol.  ii,  1902).  He  also  edited  the  collected  works,  and  contributed 
(1879)  a  short  and  graphic  life,  of  Francis  Sibson  in  4  volumes  (1881), 
and  wrote  papers  on  calculi  and  ‘The  Influence  of  Colloids  on  crystal¬ 
line  Form  and  Cohesion’  (1879).  Failing  health  led  to  his  retirement 
in  1900  and  death  two  years  later. 

Dyce  Duckworth  (1840-1928)  in  1880  described  myxoedema  as  a 
universal  mucoid  degeneration  of  intercellular  tissue.  In  1888,  how¬ 
ever,  Halliburton  (1861-1931)  in  a  very  cautious  report  concluded 
that  subsequent  analyses  had  not  shown  anything  like  the  amount 
of  mucin  as  that  found  by  Charles,  and  in  1893  spoke  of  the  name 
‘myxoedema’  as  a  misnomer.  In  reporting  in  1882  a  case  which 
'presented  the  clinical  but  not  the  pathological  features  of  myxoedema 5 
previously  included  by  his  junior  colleague  Mahomed  (1849-84)  in 
his  Cambridge  M.B.  thesis  as  an  illustration  of  ‘chronic  Bright's 
disease  without  albuminuria’  (1881),  Goodhart  (1845-1916),  fortified 
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by  the  negative  analyses  as  regards  an  increased  amount  of  mucin, 
made  by  Thomas  Stevenson  (1838-1908),  argued  that  chronic  oedema 
may  produce  the  signs  of  myxoedema,  but  contested  Mahomed's 
view  that  myxoedema  was  merely  chronic  oedema.  Wilks  (1824- 
1911)  protested  against  the  use  of  the  label  ‘myxoedema’  which 
referred  to  one  sign  only,  and  that  by  no  means  an  essential  one.  In 
France  the  papers  of  Gull  and  Ord  were  fully  abstracted  by  Olive 
in  1879;  J.  M.  Charcot  (1825-93),  although  he  did  not  publish  any 
observations  until  1881,  had  for  twelve  or  fifteen  years  previously 
been  familiar  with  the  appearance  which  for  his  own  use,  as  he  wrote, 
he  had  called  ‘  cachexie  pachydermique’ .  In  1 880,  inspired  by  Charcot, 
Thaon  of  Nice  reported,  with  full  references  to  the  English  literature, 
a  case  of  cachexie  pachydermique  and  mentioned  that  Charcot  had 
seen  5  such  cases.  Charcot’s  paper  in  1881  on  ‘Cachexie  pachyder¬ 
mique  ou  myxoedeme  ’  recorded  a  case  in  a  male  and  referred  to 
anaemia  as  a  prominent  feature.  Osier  (1849-1919)  in  1898  em¬ 
ployed  the  eponym  Gull's  disease,  but  the  name  myxoedema,  in  spite 
of  its  drawbacks  pointed  out  by  Halliburton,  was  by  this  time  too 
firmly  established. 

Armand  Trousseau  (1801-67)  and  Osier,  who  resembled  each  other 
by  their  wide  surveys  of  medicine,  each  generously  introduced  British 
eponyms  for  endocrine  disorders:  Trousseau  ‘Addison’s  disease  (1856) 
and  Graves’s  disease  (1860),  Osier  Gull’s  disease  (1898)  and  Parry’s 
disease  (1898)’.  Hastings  Gilford  in  1910  described  myxoedema  as 
‘  thyroid  senilism  ’. 

In  1881  W.  B.  Hadden  (1856-93)  suggested  that  myxoedema  was 
due  to  disease  of  the  cervical  sympathetic,  and  in  1883  expanded  this 
by  the  supposition  that  the  thyroid  change  depended  on  vasomotor 
spasm  whereas  the  goitre  in  Graves’s  disease  was  caused  by  vasomotor 
paralysis.  In  1881  Felix  Semon  (1849-1921)  in  reporting  a  case 
agreed  that  the  primary  changes  were  in  the  higher  nervous  centres 
and  degenerative.  Both  Hadden  and  Semon,  however,  soon  aban¬ 
doned  the  nervous  origin,  and  Semon  in  1883  became  the  advocate 
of  the  thyroid-deficiency  view.  It  should  be  remembered  that  at 
this  date  the  importance  of  the  nervous  system  was  at  its  zenith. 

Walter  Baugh  Hadden,  the  younger  son  of  one  of  the  proprietors  of 
the  Liverpool  Courier,  was  born  in  1856,  and  after  early  education  at 
the  Merchant  Taylors’  School  (founded  1618)  at  Great  Crosby,  near 
Liverpool,  began  his  medical  career  at  the  age  of  16  in  Liverpool.  In 
1875  he  entered  the  medical  school  of  St.  Thomas’s  Hospital,  London, 
where  he  held  a  series  of  appointments  until  his  premature  death  at 
the  age  of  37.  After  taking  the  M.D.  degree  at  the  University  of 
London  in  1879  he  spent  some  time  working  in  Paris  under  J.  M. 
Charcot,  whose  Localization  of  Cerebral  and  Spinal  Disease  he  trans- 


W.  M.  ORD,  M.D.,  F.R.C.P. 

(1834-1902) 

Courtesy  of  w.  w.  ord,  d.m. 


MYXOEDEMA 


177 


lated  in  1883  for  the  New  Sydenham  Society;  he  thus,  like  so  many 
of  his  most  active  contemporaries,  became  specially  interested  in 
neurology  which  at  that  time  was  the  most  scientifically  satisfying 
branch  of  internal  medicine.  At  St.  Thomas’s  Hospital  he  was  medical 
registrar  for  six  years,  was  elected  assistant  physician  in  1887,  and 
would  have  become  full  physician  in  1894.  He  was  also  assistant 
physician  to  the  Hospital  for  Sick  Children,  Great  Ormond  Street,  and 
physician  to  the  Royal  Hospital  for  Women  and  Children,  Waterloo 
Road.  That  his  capacity  for  hard  and  sound  work  was  fully  recognized 
is  shown  by  his  secretaryship  of  the  Committee  on  myxoedema, 
appointed  on  December  14,  1883,  by  the  Clinical  Society  of  London, 
which  reported  in  1888,  and  later  by  his  selection  as  medical  secretary 
in  1891  of  the  Clinical  Society. 

On  May  18,1 893,  after  apost-mortem  infection  of  his  hand,  he  became 
ill  with  a  septic  form  of  pneumonia.  Two  years  previously  he  had 
attended  G.  Gulliver  (1852-91),  his  colleague  at  St.  Thomas’s  Hospital 
in  his  fatal  attack  of  pneumonia,  and  subsequently  had  written  on  the 
prognosis  of  that  disease.  Of  the  outcome  of  his  own  illness  he  took  an 
unfavourable  and  unfortunately  correct  view,  and  near  his  end 
pathetically  remarked  ‘  thirty-seven  is  too  young  to  die  ’.  At  the  annual 
meeting  of  the  Clinical  Society,  a  few  hours  after  his  death,  he  was 
to  have  read  a  paper  on  ‘  thermostomia  ’ — a  term  to  be  applied  to  a 
feeling  of  heat  in  the  mouth.  His  death  before  the  full  success  he  had 
so  well  deserved  almost  coincided  with  that  of  a  great  surgical  teacher, 
Marcus  Beck  (1843-93)  of  University  College,  on  May  21.  Hadden  was 
a  genial  soul,  but  had  few  hobbies,  and  preferred  towns  to  country, 
even  when  travelling. 

St.  Thomas's  Hospital  Reports,  1894,  xxii  (with  photograph) ;  Med.-Chir.  Trans., 
Lond.,  1894,  lxxvii.  10. 

On  September  13,  1882,  J.  L.  Reverdin  (1842-1929)  read  before 
the  Societe  medicate  de  Geneve  a  short  paper  on  the  occurrence  after 
thyroidectomy  of  symptoms  exactly  resembling  those  described  in 
England  as  myxoedema,  though  reference  to  this  point  was  not  made 
in  the  briefly  reported  paper  at  the  time.  In  June  1883  with  his 
cousin  Auguste  Reverdin  (1849-1908)  he  discussed  the  relation  of 
his  cases  to  myxoedema.  In  the  meanwhile,  namely  in  April  1883, 
Theodor  Kocher  (1841-1917)  of  Berne  described  the  condition  of 
cachexia  strumipriva  in  30  out  of  his  first  100  thyroidectomies,  but 
ascribed  the  symptoms  to  chronic  asphyxia.  A  now  forgotten  con¬ 
troversy  then  arose  between  J.  L.  Reverdin  and  Kocher.  Semon, 
after  reading  these  reports,  which  otherwise  had  escaped  notice  in 
Great  Britain,  argued  at  a  meeting  of  the  Clinical  Society  of  London 
on  November  23,  1883,  that  cachexia  strumipriva,  myxoedema,  and 
cretinism  wrere  all  due  to  the  same  cause,  namely  loss  of  function  of 
the  thyroid  gland — a  conclusion  which  at  the  time  excited  ridicule. 
Semon 's  view  was  not  published  in  the  Transactions  of  the  Clinical 
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Society  of  London,  but  will  be  found  in  the  report  of  the  meeting  in 
the  British  Medical  Journal.  On  December  14,  1883,  the  Clinical 
Society  appointed  a  committee  to  investigate  the  subject  of  myxoe- 
dema  with  W.  M.  Ord  as  chairman  and  W.  B.  Hadden  as  secretary. 
Victor  Horsley  (1857-1916),  professor-superintendent  of  the  Brown 
Institution  (1884-90),  and  a  member  of  the  committee,  repeated  on 
monkeys  and  other  animals  the  experimental  thyroidectomies  per¬ 
formed  in  1856-8  on  dogs  and  re-published  with  additions  in  1884 
by  Moritz  Schiff  (1823-96).  Horsley’s  results  were  then  regarded 
as  proving  that  total  thyroidectomy  produces  operative  myxoedema  ; 
but  some  of  the  symptoms,  such  as  ‘  fibrillar  twitching  of  the  muscles 
going  on  to  violent  convulsions  of  all  the  extremities  and  trunk’, 
must  now  be  ascribed  to  removal  of  the  parathyroids.  The  Report  of 
the  Clinical  Society’s  Committee  on  myxoedema,  which  was  published 
as  a  separate  volume  in  1888  containing  an  analysis  of  109  collected 
cases,  is  a  most  valuable,  though  now  forgotten,  summary  of  the 
contemporary  knowledge.  It  fully  endorsed  Semon’s  contention  in 
1883  that  cretinism,  myxoedema,  and  cachexia  strumipriva  are  all 
due  to  the  same  cause.  Beadles  (1867-1933)  in  1893  collected  200 
cases  from  British  journals. 

Beadles,  C.  F.,  Journ.  Merit.  Sc.,  Loncl.,  1893,  xxxix.  343;  Bramwell,  J.  B., 
vide  Edin.  Med.  Journ.,  1893,  xxxviii.  986;  Charcot,  J.  M.,  Gaz.  d.  hop., 
Paris,  1881,  liv.  73;  Clinical  Society’s  Report:  Supplement  to  Trans.  Clin.  Soc. 
Lond.,  xxi.  1888;  Duckworth,  D.,  Trans.  Clin.  Soc.  Lond.,  1880,  xiii.  12; 
Fagge,  C.  H.,  Med.-Chir.  Trans.,  Bond.,  1871,  liv.  185;  Gilford,  H.,  Disorders  of 
Post-natal  Growth  and  Develojoment,  Lond.,  1911,  p.  643  ;  Goodhart,  J.  F.,  Trans. 
Clin.  Soc.  Lond.,  1882,  xv.  94;  Gull,  W.  W.,  ibid.,  1874,  vii.  18;  Hadden,  W. 
B.,  ibid.,  1881,  xiv.  58  ;  idem,  Brain,  Lond.,  1883,  v.  188  ;  Halliburton,  W.  D., 
Clinical  Society’s  Report:  Supplement  to  Trans.  Clin.  Soc.  Lond.,  vol.  xxi,  1888, 
p.  54;  idem,  Journ.  Path,  and  Bacteriol.,  Edin.,  1893,  i.  90;  Horsley,  V.,  Proc. 
Roy.  Soc.,  Lond.,  1885,  xxxviii.  5;  Kocher,  T.,  Arch.  f.  klin.  Chir.,  Berlin, 
1883,  xxix.  254;  Mahomed,  F.  A.,  Guy's  Hosp.  Rep.,  Lond.,  1881,  3  s.,  xxv. 
295;  Olive,  P.,  Arch.  gen.  de  mid.,  Paris,  1879,  i.  677 ;  Ord,  W.  M.,  Med.-Chir. 
Trans.,  Lond.,  1878,  lvi.  57;  idem,  Trans.  Clin.  Soc.  Lond.,  1880,  xiii.  15; 
Osler,  W.,  Principles  and  Practice  of  Medicine,  N.Y.,  1898,  pp.  836,  841 ; 
Reverdin,  J.  L.,  Rev.  mid.  de  la  Suisse  Rom.,  Geneve,  1882,  ii.  539 ;  Reverdin, 
J.  L.,  et  Reverdin,  A.,  ibid.,  1883,  iii.  360;  Schiff,  M.,  Arch.f.  exper.  Path.  u. 
Pharmak.,  Leipz.,  1884,  xviii.  25;  Semon,  F.,  Trans.  Clin.  Soc.  Lond.,  1881, 
xiv.  61 ;  idem,  Brit.  Med.  Journ.,  1883,  ii.  1072 ;  Stevenson,  T.,  vide  Clin.  Soc. 
Rep.,  p.  50,  Supplement  to  vol.  xxi,  Trans.  Clin.  Soc.  Lond.,  1888;  Thaon,  L., 
Rev.  mens,  de  mid.  et  chir.,  Paris,  1880,  iv.  614. 

Aetiology. 

Hereditary  Factor.  As  in  toxic  goitre,  the  influence  of  heredity  has 
been  pointed  out.  In  1888  Hun  and  Prudden  recorded  3  cases  in  a 
family.  Hertoghe  (1899)  insisted  on  it;  cases  have  been  recorded  in 
sisters  (Murray,  1900;  Watney  and  Douth waite,  1932)  and  in  three 
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J  generations,  grandmother,  mother,  and  daughter  (Oliver,  1935). 
Its  incidence  appears  to  be  determined  in  part  by  a  family  tendency 
to  thyroid  susceptibility,  for  it  may  occur  in  a  family  in  which  others 
suffer  from  ordinary  goitre  and  toxic  goitre.  From  a  eugenic  point 
of  view  the  underlying  disposition  renders  the  humanitarian  treat¬ 
ment  by  thyroid  open  to  the  objection  that  it  tends  to  promote  a  race 
dependent  throughout  life  on  this  method  of  assistance  (C.  J.  Bond, 

I  1932).  Patients  with  myxoedema  have  a  characteristic  physical  and 
mental  panel,  to  employ  G.  Draper’s  phraseology ;  they  tend  to  be 
broad-shouldered,  short-necked,  and  stocky,  to  have  a  sunny  disposi¬ 
tion  and  a  sense  of  humour  (Means  and  Lerman,  1935). 

Sex  Incidence.  Myxoedema,  like  goitre  and  toxic  goitre,  has  always 
I  been  recognized  as  much  commoner  in  females  than  in  males.  In  fact 
until  1880  when  Savage  (1842-1921)  and  Ballet  (1853-1916),  an 
i  interne  at  the  Salpetriere  under  Charcot,  reported  cases  in  males 
(Charcot  in  1881  also  mentioned  a  case)  it  was  thought  to  be  con¬ 
fined  to  the  female  sex.  Savill  (1856-1910)  has  sometimes  been 
i  stated  to  have  been  the  first  to  report  a  male  case ;  but  in  showing 
a  case  in  1886  he  correctly  stated  that  among  109  cases  analysed  by 
the  Committee  of  the  Clinical  Society  (which  reported  in  1888)  there 
were  15  males.  It  is  more  frequent  in  multiparae. 

Age.  Hypothyroidism  occurs  in  cretinism  and  in  childhood  myxoe¬ 
dema.  From  puberty  it  becomes  more  frequent  up  to  the  menopause 
and  then  falls ;  the  average  age  is  said  to  be  38  years  in  women  and 
42  years  in  men,  more  than  half  the  female  cases  occurring  between 
40  and  45,  and  two  thirds  of  the  male  cases  between  35  and  50 
(Murray,  1900). 

Geographical  Distribution.  It  is  more  frequent  in  temperate  than 
in  tropical  countries,  and  more  common  in  the  north  than  in  the 
south  of  England.  It  is  very  rare  in  negroes,  but  its  existence  among 
them  has  been  recognized  (Maxey  and  Berkeley,  1898).  It  is  said  to 
be  extremely  rare  in  countries,  such  as  Styria,  where  endemic  goitre 
and  cretinism  are  common  (Zondek,  1935). 

Post-hyperthyroid  or  ‘ exhaustion ’  Myxoedema.  Myxoedema  may 
appear  some  years  after  the  symptoms  of  toxic  goitre  have  died 
down.  Probably  the  first  reference  to  this  sequel  is  the  brief 
statement  by  Hadden  in  1883  that  exophthalmos  preceded  myx¬ 
oedema  in  one  of  Ord’s  cases.  In  1893  Williams  recorded  a  case  with 
the  clinical  picture  of  myxoedema  five  years  after  exophthalmic  goitre, 
and  suggested  that  excessive  functional  activity  had  resulted  in 
exhaustion  and  atrophy  of  the  thyroid.  In  the  same  year  a  similar 
sequence  after  incomplete  Graves’s  disease  was  reported  by  J.  J. 
Putnam,  and  in  1895  Baldwin  recorded  four  cases  of  the  sequence. 
In  1902  Mcllwaine  published  the  onset  of  myxoedema  about  four 
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years  after  the  chief  manifestations  of  toxic  goitre  had  passed  off. 
There  may  also  be  a  mixture  of  the  symptoms,  opposite  though 
they  are,  of  these  two  diseases.  In  acute  cases,  to  which  reference  is 
made  elsewhere  (p.  247),  manifestations  of  myxoedema,  usually  solid 
oedema,  occur  in  the  course  of  exophthalmic  goitre,  so  that  myx¬ 
oedema  is  a  complication  of  exophthalmic  goitre.  This  may  be  ex¬ 
plained  by  the  hypothesis  that  in  these  cases  there  is  an  absence  of 
normal  thyroxine,  the  abnormal  form  being  the  only  one  secreted  by 
the  thyroid. 

Myxoedema  supervening  on  pre-existing  acromegaly  was  reported 
by  Michon  and  Grau  (1933)  in  a  man  aged  33  years  with  a  low  meta¬ 
bolic  rate ;  the  myxoedematous  symptoms  were  greatly  relieved  by 
thyroid  treatment. 

Cachexia  strumipriva  has  been  mentioned  above ;  the  earliest  case, 
in  one  of  the  first  thyroidectomies  to  be  performed,  was  that  of  Sick 
in  1867,  but  its  nature  was  not  recognized  until  the  observations 
of  the  Reverdins  and  T.  Kocher  in  1883  were  published ;  it  was  com¬ 
mented  on  in  1888  by  Bruns.  Removal  of  an  aberrant  thyroid  at  the 
base  of  the  tongue  has  been  estimated  to  cause  post-operative  myx¬ 
oedema  in  about  14  per  cent,  of  the  cases  (Makins,  1906  ;  C.  H.  Mayo, 
1911).  Artificial  myxoedema  by  means  of  total  thyroidectomy,  thus 
inducing  lowered  metabolism,  a  vegetative  condition,  and  diminished 
activity  of  all  kinds,  has  been  employed  for  the  relief  of  congestive 
cardiac  failure  and  angina  pectoris  (Levine,  Cutler,  and  Eppinger, 
1933  ;  Levine,  Blumgart,  and  Berlin,  1933).  This  necessitates  subse¬ 
quent  control  of  the  induced  myxoedema  and,  as  thyroid  medication 
may  cause  angina,  careful  supervision  of  the  dosage.  This  form  of 
treatment  is  on  its  trial,  and  the  possibility  must  be  faced  that  total 
thyroidectomy,  though  in  some  instances  neutralizing  the  effect  of 
cardiac  lesions,  may  in  other  patients  add  a  second  disability  without 
bringing  relief  to  the  first  (Christian,  1934). 

X-Ray  Myxoedema.  Patients  treated  by  numerous  X-ray  exposures, 
usually  for  toxic  goitre,  have  subsequently  shown  the  clinical  picture 
of  myxoedema.  Flaskamp  (1930)  collected  a  number  of  these  reports. 
This  obviously  emphasizes  the  need  for  caution  in  the  X-ray  treat¬ 
ment  of  hyperthyroidism;  but,  as  mentioned  above,  myxoedema 
may  supervene  after  toxic  goitre  quite  independently  of  radiological 
treatment. 

In  a  few  instances  the  administration  of  iodine  to  patients  with  a 
normal  metabolic  rate  after  a  subtotal  thyroidectomy  for  toxic 
goitre  has  been  followed  by  myxoedema  which  passes  off  if  the  iodine 
is  discontinued,  thus  suggesting  that  iodine  inhibits  the  secretion  of 
normal  thyroxine  (Thompson,  W.  O.,  Thompson,  P.,  Brailey,  and 
Cohen,  1930). 
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After  treatment  of  exophthalmic  goitre  with  relief  by  diioclotyrosine 
signs  of  myxoedema  appeared  but  passed  off  when  the  treatment  was 
stopped  (Parhon  and  Ballif,  1932). 

Baldwin,  W.  W.,  Lancet,  1895,  i.  145;  Bond,  C.  J.,  The  Withering  Lectures, 
Lond.,  1932;  Charcot,  J.  M.,  Gaz.  d.  hop.,  Paris,  1881,  liv.  73;  Clinical  Soc. 
Report,  Supplement  to  vol.  xxi,  1888;  Christian,  H.  A.,  Ann.  Rep.  Peter  Bent 
Brigham  Hosp.,  Boston,  1934,  xx.  102;  Flaskamp,  W.,  Ueber  Rdntgenschdden 
und  Schdden  durch  radioaktive  Substanzen,  Berlin,  1930,  p.  196  ;  Hadden,  W.  B., 
Brain,  Lond.,  1883,  v.  188;  Hertoghe,  E.,  Med.  Rec.,  N.Y.,  1914,  lxxxvi.  489; 
Hun,  H.,  and  Prudden,  T.  M.,  Am.  Journ.  Med.  Sc.,  Phila.,  1888,  xcvi.  1 ;  140 ; 
Levine,  S.  A.,  Blumgart,  H.  L.,  and  Berlin,  D.  D.,  Arch.  Int.  Med.,  Chicago, 
1933,  li.  866 ;  Levine,  S.  A.,  Cutler,  E.  C.,  and  Eppinger,  E.  C.,  New  England 
Journ.  Med.,  Boston,  1933,  ccix.  667;  McIlwaine,  S.  W.,  Brit.  Med.  Journ., 
1902,  i.  1261 ;  Makins,  G.  H.,  Lancet,  1906,  ii.  1569;  Maxey,  and  Berkeley, 
Am.  Journ.  Insan.,  Utica,  N.Y.,  1897-8,  liv.  415;  Mayo,  C.  H.,  Journ.  Am. 
Med.  Assoc.,  Chicago,  1911,  lviii.  784;  Michon,  P.,  et  Grau,  M.,  Bull,  et  mem. 
Soc.  med.  d.  hop.  de  Paris,  1933,  3  s.,  lvii.  1379;  Murray,  G.  R.,  Diseases  of  the 
Thyroid  Gland,  Lond.,  1900,  p.  33;  Oliver,  T.  H.,  Diabetes  Mellitus,  Lond., 
1935,  p.  35;  Parhon,  C.  I.,  et  Ballif,  L.,  Bull,  et  mem.  Soc.  med.  d.  hop.  de 
Paris,  1932,  3  s.,  xlviii.  601 ;  Putnam,  J.  J.,  Am.  Journ.  Med.  Sc.,  Phila.,  1893, 
cvi.  125;  Savill,  T.  D.,  Proc.  Med.  Soc.  Lond.,  1886,  ix.  41;  Savage,  G.  H., 
Journ.  Ment.  Sc.,  Lond.,  1879-80,  n.s.,  xxv.  517;  Sick,  P.,  Med.  Cor.-Bl.  d. 
wurttemb.  drztl.  Ver.,  Stuttg.,  1867,  xxxvii.  199;  Thompson,  W.  O.,  Thompson, 
P.,  Bradley,  A.  G.,  and  Cohen,  A.  C.,  Am.  Journ.  Med .  Sc.,  Phila.,  1930, 
clxxx.  733 ;  Watney,  H.  A.,  and  Douthwaite,  A.  H.,  Brit.  Med.  Journ.,  1932, 
ii.  1142;  Williams,  H.,  ibid.,  1893,  i.  799. 

Morbid  Anatomy. 

The  Thyroid.  W.  M.  Ord  described  the  appearances  in  one  case  on 
two  occasions  (1877  and  1880),  and  the  Report  (1888)  of  the  Clinical 
Society  of  London  tabulated  13  cases  examined  after  death.  The 
thyroid  shows  fibroid  atrophy,  great  diminution  in  size  and  weight ; 
it  is  often  little  more  than  a  sheath  of  fascia  enclosing  the  remains  of 
the  gland  showing  chronic  inflammation,  fibrosis,  lymphocytic  infiltra¬ 
tion,  scattered  epithelial  cells,  disappearance  of  the  acini  and  of  the 
colloid.  The  arteries  show  obliterative  changes. 

Syphilitic  and  actinomycotic  inflammation  (Kohler,  1894)  and 
Riedel’s  ligneous  thyroiditis  {vide  p.  270)  have  in  exceptional  instances 
been  recorded.  Primary  malignant  disease  of  the  thyroid  is  an 
extremely  rare  cause. 

Gulliver’s  case  of  sporadic  cretinism  with  primary  carcinoma  was 
mentioned  on  p.  166;  but  he  ascribed  the  malignant  change  to  the 
atrophied  condition  of  the  thyroid,  and  therefore  secondary  to,  and 
not  responsible  for,  hypothyroidism.  Daniel  (1902)  reported  myxoe¬ 
dema  in  the  late  stages  of  a  large  primary  sarcoma,  the  symptoms  of 
myxoedema  being  somewhat  relieved  by  thyroid  treatment.  The  asso¬ 
ciation  of  hypothyroidism  and  thyroid  metastases  of  a  primary  carci¬ 
noma  of  the  mamma  has  been  reported  (Willis,  1931  ;  Winkler,  1932). 
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Parathyroids.  In  1907  Forsyth,  who  argued  that  the  parathyroids 
possess  a  true  thyroid  function  and  are  not  glands  sui  generis, 
described  the  parathyroids  in  myxoedema  as  showing  evidence  of  great 
activity,  containing  a  large  amount  of  colloid,  and  considerable 
fibrosis.  Evidence  of  increased  activity  has  not  been  confirmed. 

Thymus.  In  1893  Marie  drew  attention  to  the  presence  of  an  en¬ 
larged  thymus  and  suggested  that  it  was  due  to  rejuvenescence  rather 
than  to  persistence. 

Central  Nervous  System.  In  1917  F.  W.  Mott  (1853-1926)  described 
disappearance,  partial  or  complete,  of  Nissl's  granules  in  the  brain 
and  spinal  cord. 

The  pituitary  was  found  to  be  enlarged  by  Hale  White  (1886), 
Schonemann  (1892),  Boyce  and  Beadles  (1893),  and  Comte  (1893). 
According  to  Fry  ( 1915)  this  is  due  to  an  increased  number  of  chromo¬ 
phobe  cells,  fibrosis,  and  excess  of  colloid  in  the  anterior  lobe,  the 
pars  intermedia  sharing  in  the  excess  of  colloid.  Mott  (1917)  also 
found  an  excess  of  colloid  in  the  pars  intermedia  and  an  extension  of 
these  colloid-laden  cells  into  the  pars  nervosa.  Destruction  of  the 
pituitary  and  the  resulting  absence  of  the  thyrotropic  hormone 
might  be  expected  to  cause  myxoedema. 

A  man  with  symptoms  of  myxoedema  and  feminism  was  found  to 

have  an  enormous  haemangioma  of  the  pituitary  and  atrophy  of  the 

thyroid,  adrenals,  and  testes  (Good  and  Ellis,  1918). 

Cardiovascular  System.  The  Clinical  Society’s  Report  (1888),  based 
on  20  hearts  examined  after  death,  stated  that  the  heart  was  normal 
except  when  associated  with  chronic  interstitial  nephritis.  Chronic 
myocarditis  with  fibrosis  and  fatty  change  have  been  described,  but 
many  of  the  patients  are  within  the  age-period  when  these  are 
common.  The  myxoedema  heart  was  described  by  H.  Zondek  in  1918 
(vide  p.  185)  as  due  to  (i)  a  lack  of  tone  in  the  myocardium  caused 
by  diminished  sensitivity  of  the  sympathetic,  and  (ii)  myxoedema- 
tous  infiltration  of  the  myocardium,  a  view  previously  expressed  by 
Hertoghe  (1914).  Both  sides  of  the  heart  are  dilated. 

The  Clinical  Society’s  Report  (1888)  did  not  attach  any  importance 
to  arteriosclerosis  and  stated  that  in  only  five  cases  was  there  high 
tension ;  this  seems  to  be  the  general  experience,  namely,  that  myx¬ 
oedema  does  not  cause  arteriosclerosis,  though  from  the  common  age 
of  myxoedematous  patients  they  may  coincide.  Among  the  20  cases 
examined  microscopically  there  was  more  or  less  chronic  interstitial 
nephritis  in  15.  It  has  been  thought  that  the  degree  of  arteriosclerosis 
is  excessive  for  the  time  of  life. 

Skin.  Y irchow  in  1887  and  the. Clinical  Society’s  Report  in  the 
following  year  regarded  the  changes  in  the  subcutaneous  tissues  as 
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of  an  inflammatory  nature.  The  connective  tissue  shows  swelling,  the 
collagen  fibres  are  indistinct,  and  excess  of  mucin  has  been  described 
in  the  early  stages  but  not  later  (Halliburton).  The  sweat  and 
sebaceous  glands  are  atrophied. 

Pancreas.  Increase  in  the  number  and  size  of  the  islands  of  Lan- 
gerhans  has  been  found  in  cretinism  ( vide  p.  167)  and  a  similar  result 
has  been  described  after  experimental  thyroidectomy  (Lorand,  1904). 
But  observations  in  adult  myxoedema  do  not  appear  to  have  con- 
f  firmed  this. 

Simple  chronic  peritonitis ,  with  icing  of  the  capsules  of  the  liver  and 
spleen  and  ascites,  is  an  occasional  complication. 

Fluid  in  the  Subcutaneous  Tissues.  From  an  investigation  of  the 
fluid  balance  in  myxoedema  Byrom  (1934)  concluded  that  there  is 
an  extra  vascular  and  extracellular  increase  in  the  muco-protein,  thus 
confirming  Ord’s  original  opinion  (1877),  and  that  myxoedema  may 
be  regarded  as  an  attempt  on  the  part  of  the  tissues  to  restore  their 
embryonic  myxomatous  environment  by  flooding  the  interstitial 
spaces  with  muco-protein.  The  thyroid  was  regarded  as  normally 
controlling  the  formation  of  mucin,  and  so  hypothyroidism  would 
allow  the  tissue  cells  to  form  mucin  in  excess. 

Boyce,  R.,  and  Beadles,  C.  F.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1893,  i.  227  ; 
Byrom,  F.  B.,  Clin.  Sc.,  Lond.,  1934,  i.  273;  Clin.  Soc.  Bond.  Rep.  on  Myxoe¬ 
dema,  Supplement  to  vol.  xxi,  1888,  pp.  35-46 ;  Comte,  L.,  Beitr.  z.  path.  Anat. 
u.  z.  allg.  Path.,  Jena,  1893,  xxiii.  90;  Daniel,  P.  L.,  Lancet,  1902,  ii.  137; 
Forsyth,  D.,  Trans.  Clin.  Soc.  Bond.,  1 907,  xl.  61 ;  Fry,  H.  J.  B.,  Quart.  Journ. 
Med.,  Oxford,  1914-15,  viii.  284;  Good,  W.  H.,  and  Ellis,  A.  G.,  Endocrinol., 
Los  Angeles,  1918,  ii.  431;  Gulliver,  G.,  Trans.  Path.  Soc.  Lond.,  1886, 
xxxvii.  511 ;  Halliburton,  W.  D.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1893,  i. 
90;  Hertoghe,  E.,  Med.  Rec.,  N.Y.,  1914,  lxxxvi.  489;  Kohler,  R.,  Berlin, 
klin.  Wchnschr.,  1892,  xxix.  743;  Marie,  P.,  Bull,  et  mem.  Soc.  med.  d.  hop.  de 
Paris,  1893,  3  s.,  x.  136;  Mott,  F.  W.,  Proc.  Roy.  Soc.  Med.,  Lond.,  1917,  x 
(Sect.  Path.),  51;  Ord,  W.  M.,  Med.-Chir.  Trans.  Lond.,  1878,  lxi.  57;  idem, 
Trans.  Clin.  Soc.  Lond.,  1888,  xiii.  15;  Schonemann,  A.,  Virchows  Arch.,  1892, 
cxxix.  310;  Virchow,  R.,  Berlin,  klin.  Wchnschr.,  1887,  xxiv.  121;  White, 
W.  H.,  Trans.  Clin.  Soc.  Lond.,  1886,  xviii.  159;  Willis,  R.  A.,  Med.  Journ. 
Australia,  1931,  i.  349;  Winkler,  W.,  Ztschr.  f.  klin.  Med.,  1932,  cxx.  400; 
Zondek,  H„,  Mimchen.  med.  Wchnschr.,  1918,  lxv.  1180. 

Clinical  Picture.  The  onset  is  nearly  always  gradual  with  increase 
of  weight,  bulk,  and  diminution  of  mental  and  physical  alacrity.  In 
very  rare  instances,  as  in  the  case  recorded  by  Watney  and  Douth- 
waite  (1932),  and  in  those  complicating  toxic  goitre  ( vide  p.  246),  the 
symptoms  come  on  acutely.  The  course  may  be  very  slow ;  cases  in 
which  the  disease  had  existed  for  fifteen  years  before  detection  have 
been  recorded  (Means  and  Lerman,  1935). 

The  skin  is  dry  and  rough  from  diminution  of  perspiration,  swollen 
but  inelastic,  not  pitting  on  pressure,  pale  with  a  slightly  yellow  tint, 


J  84 


THE  THYROID 

and  may  show  dry  eczema.  The  mask-like  face  is  characteristic  and  is 
unlikely  to  be  confused  with  that  of  any  other  disease  except  chronic 
nephritis  with  oedema ;  this  was  probably  a  frequent  occurrence 
before  myxoedema  was  isolated.  The  swelling  is  specially  prominent 
in  the  loose  tissue  of  the  eyelids,  coarsens  the  features,  and  tends  to 
obliterate  the  lines  of  expression.  There  is  often  a  localized  pink 
Hush  in  the  malar  regions,  which  contrasts  with  the  pallid  porcel¬ 
laneous  areas  below  the  lower  eyelids.  The  ears  and  nostrils  are 
thickened,  and  the  lips  swollen  and  deep  red  in  colour.  The  hair 
becomes  coarse,  brittle,  and  scanty,  so  that  in  advanced  cases  there 
may  be  baldness  of  varying  degree,  particularly  on  the  forehead. 
Levi  and  Rothschild  (1906)  described  ‘the  eyebrow  sign’,  fading 
away  of  the  outer  third  of  the  eyebrow  ( vide  p.  168).  The  hands 
become  broader  with  thickened  fingers  and  the  epithet  ‘spade-like’ 
has  often  been  employed.  The  nails  are  brittle  and  stunted,  and  the 
feet  are  affected  like  the  hands.  The  teeth  are  usually  carious,  the 
tongue  large  but  not  sore,  and  the  gums  swollen.  The  tendon  jerks 
are  delayed  and  sluggish ;  the  gait  is  heavy  and  slow ;  pains  in  the 
limbs  are  common,  and  from  relaxation  of  the  ligaments  flat-foot  is 
frequent.  The  bodily  temperature  is  depressed,  and  the  patients  are 
extremely  sensitive  to  cold,  so  that  the  symptoms  are  worse  in  wintry 
weather;  Ord  (1880)  compared  the  low  temperature  of  the  swollen 
skin  to  that  produced  experimentally  by  varnishing  the  skin 
(\  alentin,  1810-83) ;  but  in  the  same  year  Hadden  ascribed  the  low 
temperature  to  a  diminution  in  the  organic  changes  in  patients  who 
eat  little,  like  cold-blooded  animals  do  not  use  their  tissues  much, 
and  show  a  fall  of  urea  in  the  urine.  The  voice  is  thick,  nasal,  slow, 
drawling,  and  monotonous ;  deafness  may  be  due  to  swelling  of  the 
mucosa  around  and  in  the  Eustachian  tubes ;  taste  and  smell  are 
impaired.  Achlorhydria  is  common  (Means  and  Lerman,  1931), 
appetite  diminished,  and  constipation  is  frequent. 

Mental  State.  Intelligence  is  slow,  the  period  of  reaction  is  much 
prolonged,  and  memory  impaired  ;  the  patient  is  apathetic,  lethargic, 
and  often  somnolent ;  mental  weakness  may  progress  to  aberration, 
and  may  become  so  extreme  that  the  patients  have  been  regarded  as 
the  subjects  of  primary  mental  disorder.  Ord  in  1880  said  of  one  in 
the  late  stages,  kthe  mist  was  evidently  deepening,  and  she  sometimes 
lost  her  way  in  it’.  A  form  of  manic-depressive  insanity  associated 
with  mental  confusion,  hallucinations,  delusions — mainly  of  persecu¬ 
tion,  terminating  in  dementia  was  described  as  occurring  about  the 
climacteric  in  myxoedema  by  Mott  (1917).  Diminished  tolerance  to 
morphine  has  been  described  and  supported  by  experiments  on 
hypothyroid  rabbits  (Newton,  1924;  Lund  and  Benedict,  1929). 
Sensitiveness  to  insulin  is  also  increased;  on  the  other  hand,  that  to 
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adrenaline  is  diminished.  In  very  rare  instances  tetany  has  been 
|  reported,  thus  recalling  nervous  cretinism  {vide  p.  168). 

Cardiovascular  System.  The  pulse  is  usually  slow,  40  to  60;  the 
Clinical  Society’s  Report  (1888)  noted  this  in  a  third  of  the  cases. 
As  the  result  of  thyroid  treatment  the  pulse  quickens.  The  arterial 
blood-pressure  is  usually  either  normal  or  slightly  below  that  normal 
for  the  age,  the  pulse  pressure  and  the  cardiac  output  are  diminished. 

The  Myxoedema  Heart.  In  1918  H.  Zondek  described  this  enlarge¬ 
ment,  well  shown  by  the  fluorescent  screen;  dilatation  involves  all  the 
cavities  of  the  heart  (Fahr,  1925)  and  may  be  so  extensive  as  to  imi- 
I  tate  a  pericardial  effusion.  The  electro- cardiogram  may  show  various 
I  forms  of  abnormality;  among  35  cases  changes  were  present  in  13 
(Ohler  and  Abramson,  1934) ;  the  T  wave  being  inverted  or  absent 
before  treatment  by  thyroid  has  been  given.  This  observation  did  not 
at  once  gain  universal  acceptance :  Willius  and  Haines  (1925)  did  not 
detect  it  in  162  cases,  neither  did  Christian  in  a  smaller  number  of 
cases  in  1925,  but  three  years  later  he  admitted  its  existence.  Cardiac 
insufficiency  does  not  necessarily  occur  ;  it  was  absent  in  /  out  of  22 
cases  (Ayman,  Rosenblum,  and  Falcon-Lesse,  1932). 

Anginal  pain  was  described  by  Hertoghe  (1914)  who  ascribed  it  to 
myxoedematous  infiltration  of  the  myocardium ;  but  it  may  also  follow 
thyroid  medication  (Means  and  Richardson,  1929).  The  cardiac  en¬ 
largement  does  not  respond  to  digitalis,  but  diminishes  or  disappears 
after  thyroid  treatment  which,  however,  must  be  carefully  watched 
to  avoid  the  onset  of  congestive  heart  failure  from  increased  work. 
The  basal  metabolic  rate  and  the  velocity  of  the  blood  flow  run 
parallel,  both  being  diminished  in  myxoedema  (Blumgart,  Cargill, 
and  Gilligan,  1930) ;  but  with  the  rise  in  both  as  the  result  of  thyroid 
treatment  the  heart  may  have  more  work  than  it  can  accomplish. 

Anaemia,  as  in  toxic  goitre,  was  almost  from  the  first  regarded  as 
a  feature  of  the  disease,  especially  by  Charcot  (1881);  the  Clinical 
Society’s  Report  (1888)  stated  that,  though  there  are  not  any  charac¬ 
teristic  changes  in  the  blood,  a  diminution  in  the  red  count  and  the 
haemoglobin  content  was  reported  in  a  few  instances.  Experimentally 
this  change  has  been  found  to  follow  total  thyroidectomy  (Esser, 
1907),  and  in  13  out  of  25  myxoedematous  patients  Stone  (1928) 
described  secondary  anaemia  due  to  absence  of  the  normal  stimula¬ 
tion  of  the  bone  marrow  by  the  thyroid  secretion,  for  there  is  some 
experimental  evidence  that  the  thyroid  normally  stimulates  the  bone 
marrow  {vide  p.  154). 

Anaemia  is  present  in  about  half  the  cases,  the  red  count  being  low, 
and  nucleated  reds  sometimes  appearing  in  the  peripheral  blood.  The 
differential  white  count  shows  a  mononuclear  increase ;  eosinophilia 
^ias  been  described  (Bence  and  Engel,  1908) ;  thyroid  treatment 
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has  been  found  to  render  the  differential  white  count  normal  by 
increasing  the  polymorphonuclears,  a  reaction  which  has  been  called 
1  paradoxical '  as  in  healthy  persons  thyroid  extract  induces  a  mono¬ 
nuclear  increase  (Falta,  Newburgh,  and  Nobel,  1911).  This  anaemia 
disappears  after  thyroid  medication.  Capped  and  McCluskie  (1933) 
described  moderately  severe  microcytic  anaemia  which  yielded  to 
a  combination  of  thyroid  with  iron,  but  not  to  iron  alone.  Hvper- 
chromic  megalocytic  anaemia  imitating  the  Addisonian  form  was 
described  in  1926  as  yielding  to  thyroid  (Mackenzie,  1926);  Means, 
Herman,  and  Castle  in  1931  treated  such  cases  with  liver  extract,  but 
did  not  obtain  a  normal  count  until  thyroid  was  added.  It  there¬ 
fore  appears  that  failure  to  respond  to  liver  treatment  may  sometimes 
be  due  to  latent  hypothyroidism.  The  two  conditions  may  be  com¬ 
bined. 

There  is  retention  of  water  (Wenckebach,  1928).  The  blood  choles¬ 
terol  is  raised,  and  this  may  precede  the  appearance  of  other  charac¬ 
teristic  signs  (Hurxthal,  1934) ;  it  falls  after  thyroid  treatment.  The 
blood  calcium  is  raised  (Jansen,  1922). 

The  basal  metabolic  rate,  as  was  pointed  out  by  Magnus-Levy  in 
1896,  is  much  depressed,  commonly  to  minus  30  or  40.  It  is  accom¬ 
panied  by  a  slow  pulse,  and  it  has  been  thought  that  the  pulse  rate 
is  an  indication  of  the  basal  metabolic  rate ;  this,  however,  is  not 
invariably  true,  for  it  has  been  shown  that  the  basal  metabolic  rate 
may  be  raised,  for  example  by  dinitro-o-cresol,  in  myxoedema  with 
very  little  acceleration  of  the  pulse  and  without  any  effect  on  the 
symptoms  (Dodds  and  Robertson,  1933).  From  analysis  of  240 
patients  whose  metabolic  rate  had  been  taken  Means  and  Herman 
(1935)  found  that  the  basal  metabolic  rate  of  an  untreated  patient 
is  much  steadier  and  constant  than  in  normal  persons,  that  as  a  rule 
a  rate  of  minus  30  indicates  complete  myxoedema,  that  with  a  rate 
between  minus  30-20  there  are  slight  symptoms,  and  when  above 
minus  20  seldom  any  symptoms  ;  when  treatment  has  raised  the  rate 
above  plus  10  symptoms  of  hyperthyroidism  usually  appear.  On 
the  other  hand,  a  rate  of  minus  40  may  be  present  without  symptoms, 
the  low  metabolic  rate  being  due  to  some  factor  other  than  thyroid 
deficiency.  The  fall  in  the  metabolic  rate  precedes  the  appearance  of 
signs  and  symptoms.  The  carbohydrate  tolerance  is  high. 

Glycosuria  occurs  in  a  small  proportion  of  the  untreated  cases. 
Apert  (1904)  described  it  as  exceptional  in  a  case  of  fruste  myx¬ 
oedema,  and  Gordon  (1904)  recorded  it  in  two  brothers  aged  3  and 
4  years  with  infantile  myxoedema.  The  subject  was  discussed  by 
Parisot  (1910)  and  by  Garrod  (1912);  Gardiner-Hill,  Brett,  and  Forest 
Smith  (1925)  found  it  in  2  out  of  13  cases.  Thyroid  treatment  was 
noticed  in  1894  to  be  followed  by  glycosuria  by  Dale  James  (1894) 
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and  by  Beclere  ;  Garrod  (1912)  reported  its  occurrence  in  4  out  of  11 
cases,  and  Gardiner-Hill  and  his  colleagues  recorded  a  trace  of  sugar 
in  the  urine  in  5  out  of  9  cases;  they  found  the  blood-sugar  curve  to  be 
higher  than  in  normal  persons,  and  suggested  that  the  rarity  of 
glycosuria  was  due  to  a  high  renal  threshold.  On  the  other  hand,, 
latent  hypoglycaemia  is  said  to  be  common.  The  combination  of 
I  diabetes  mellitus  with  myxoedema  is  rare  ;  Weinstein  (1932)  collected 
!  32  cases ;  in  some  of  these  the  diabetic  symptoms  had  improved  as 
myxoedema  supervened ;  the  diabetic  symptoms  have  been  known 
to  return  when  the  basal  metabolic  rate  was  brought  up  to  normal  by 
i  thyroid  treatment. 

i Genital  Symptoms.  According  to  Mackenzie  (1908)  menorrhagia 
sometimes  occurs  in  the  early  stages,  and  menorrhagia  is  stated  to 
be  characteristic  when  the  disease  begins  before  the  menopause. 
Men  are  not  necessarily  sterile.  Pregnancy  is  rare,  but  this  may  be 
to  some  extent  explained  by  the  age  of  the  patients.  A  mother  while 
myxoedematous  has  been  reported  to  have  had  13  children  (Kirk). 

In  some  instances  the  symptoms  may  be  pharyngeal  or  laryngeal, 
due  to  oedematous  swelling  of  the  mucous  membrane,  and  complaint 
i  of  accumulation  of  phlegm  in  the  nasopharynx,  or  difficulty  in  articu¬ 
lation  (Semon,  1887  ;  Curtis,  1894). 

Optic  atrophy  and  bitemporal  hemianopia  have  been  described 
(Sanesi,  1899).  Fournier  and  Helguere  (1934)  collected  a  number 
of  cases,  and  in  some  instances  it  was  ascribed  to  vicarious  enlarge¬ 
ment  of  the  pituitary;  Derby  (1912)  contested  this,  and  vision  has 
sometimes  improved  after  the  administration  of  thyroid. 

Tuberculosis  has  been  stated  to  be  common  (Lorand,  1906),  but 
this  does  not  appear  to  be  the  general  experience. 

The  combination  with  acromegaly  has  been  reported  (Surow,  1909), 
and  Fournier  and  Helguere  (1934)  collected  other  cases.  A  slight 
degree  of  acromegaly  due  to  compensatory  pituitary  hyperplasia  may 
account  for  the  optic  atrophy  and  bitemporal  hemianopia  occa¬ 
sionally  reported  in  myxoedema. 

Apert,  E.,  Nouv.  iconogr.  Salpetr.,  Paris,  1904,  xvii.  174;  Ayman,  Rosenblijm, 
and  Falcon-Lesse,  Journ.  Am.  Med.  Assoc.,  Chicago,  1932,  xcviii.  1721 ; 
Beclere,  A.,  Gaz.  d.  hop.,  Paris,  1894,  n.s.,  i.  499 ;  Bence,  J.,  und  Engel,  K., 
Wien.  klin.  Wchnschr.,  1908,  xxi.  905;  Blumgart,  H.  L.,  Gargill,  S.  L.,  and 
Gilligan,  D.  R.,  Journ.  Clin.  Inveslig.,  1930,  ix.  91;  Cappell,  D.  F.,  and 
McCluskie,  J.  A.  W.,  Trans.  Roy.  Med.-Chir.  Soc.,  Glasgow,  1933,  xxvii.  57; 
Charcot,  J.  M.,  Gaz.  d.  hop.,  Paris,  1881,  liv.  73;  Christian,  H.  A.,  Rhode 
Island  Med.  Journ.,  1925,  viii.  109;  idem,  Penna.  Med.  Journ.,  1928,  xxxii.  70; 
Clin.  Soc.  Lond.  Rep.,  Supplement  to  Trans.  Clin.  Soc.  Lond.,  1880,  xxi. 
pp.  35-49;  Curtis,  H.  H.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1894,  xxiii.  486; 
Derby,  G.  S.,  ibid.,  1912,  lix.  1045;  Dodds,  E.  C.,  and  Robertson,  J.  D., 
Lancet,  1933,  ii.  1197;  Esser,  Deutsches  Arch.  f.  klin.  Med.,  Berlin,  1907, 
lxxxix.  576;  Fahr,  G.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1925,  lxxxiv.  345; 
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Falta,  Newburgh,  und  Nobeu,  Ztschr.  f.  klin.  Med.,  Berlin,  1911,  lxxii.  97; 
Fournier,  J.  C.  M.,  and  Helguere,  R.  A.  L.,  Endocrinol.,  Los  Angeles,  1934, 
xviii.  527 ;  Gardiner-Hill,  H.,  Brett,  P.  C.,  and  Smith,  F.,  Quart.  Journ. 
Med.,  Oxford,  1924-5,  xviii.  327  ;  Garrod,  A.  E.,  Trans.  Med.  Soc.  Lond.,  1912, 
xxxv.  180;  Gordon,  A.,  Am.  Med.,  Phila.,  1904,  vii.  229;  Hadden,  W.  B., 
Progres  med.,  Paris,  1880,  viii.  603;  Hertoghe,  E.,  Med.  Rec.,  N.Y.,  1914, 
lxxxvi.  489;  Hurxthal,  L.  M.,  Arch.  Int.  Med.,  Chicago,  1934,  liii.  762; 
James,  D.,  Brit.  Journ.  Dermat.,  Lond.,  1894,  vi.  177  ;  Jansen,  W.  H.,  Deutsches 
Arch.  f.  klin.  Med.,  Leipz.,  1922,  cxliii.  14;  Levi,  L.,  et  Rothschild,  H.  de, 
Gaz.  d.  hop.,  Paris,  1907,  lxxx.  879;  Lund,  C.,  and  Benedick,  E.  B.,  New 
England  Med.  Journ.,  1929,  cci.  345;  Mackenzie,  G.  M.,  Journ.  Am.  Med. 
Assoc.,  Chicago,  1926,  lxxxvi.  462;  Mackenzie,  H.,  System  of  Med.  (Allbutt 
and  Rolleston),  1908,  iv.  Part  I,  381 ;  Magnus-Levy,  A.,  Verhandl.  Kongr. 
inn.  Med.,  1896,  xiv.  137 ;  Means,  J.  H.,  and  Lerman,  J.,  Trans.  Am.  Assoc., 
Study  Goitre,  1931,  174;  idem,  Arch.  Int.  Med.,  Chicago,  1935,  lv.  1;  Means, 
J.  H.,  Lerman,  J.,  and  Castle,  W.  B.,  New  England  Med.  Journ.,  1931,  cciv.  243  ; 
Means,  J.  H.,  and  Richardson,  E.  P.,  Diseases  and  Treatment  of  the  Thyroid, 
N.Y.,  1929;  Mott,  F.  W.,  Proc.  Roy.  Soc.  Med.,  Lond.,  1917,  x.  (Sect.  Path.) 
51;  Newton,  F.,  Am.  Journ.  Physiol.,  Boston,  1924,  lxxi.  12;  Ohler,  W.  R., 
and  Abramson,  J.,  Arch.  Int.  Med.,  Chicago,  1934,  liii.  165;  Ord,  W.  M., 
Trans.  Clin.  Soc.  Lond.,  1880,  xiii.  15;  Parisot,  Progres  med.,  Paris,  1910,  3  s., 
xxvi.  245;  Sanesi,  Clin.  med.  ital.,  Milano,  1899,  xxxviii.  223;  Semon,  F., 
Internat.  Centralbl.  f.  Laryngol.,  Berlin,  1887,  iii.  480;  Stone,  C.  T.,  Ann.  Int. 
Med.,  Ann  Arbor,  1928,  vii.  216;  Surow,  Jahresber.  u.d.  Ophthalm.,  1910,  xl. 
505 ;  Watney,  H.  A.,  and  Douthwaite,  A.  H.,  Brit.  Med.  Journ.,  1932,  ii.  1142  ; 
Weinstein,  A.,  Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1932,  li.  27 ;  Wencke¬ 
bach,  K.,  Lancet,  1928,  ii.  265;  Willius,  A.  A.,  and  Haines,  S.  F.,  Am.  Heart 
Journ.,  1925,  i.  67 ;  Zondek,  H.,  Munchen.  med.  Wchnschr.,  1918,  lxv.  1180. 

Diagnosis.  Adult  myxoedema  was  probably  not  recognized  clini¬ 
cally  for  such  a  long  time,  as  compared  with  cretinism,  because  it  was 
regarded  as  oedema,  especially  that  due  to  renal  disease.  The  anaemia 
that  may  occur  early  in  myxoedema  may  entirely  distract  attention 
from  the  existence  of  hypothyroidism.  Analysis  of  240  cases  showed 
that  this  was  the  most  frequent  error  in  diagnosis  (Means  and  Lerman, 
1935).  Not  only  may  myxoedema  imitate  pernicious  anaemia,  and 
pernicious  anaemia  simulate  myxoedema,  but  the  two  diseases  may 
co-exist,  and  in  such  cases  each  disease  requires  and  responds  to  its 
appropriate  treatment . 

Benign  Hypothyroidism.  This  mild  form  of  thyroid  deficiency, 
clinically  not  resembling  myxoedema,  and  sometimes  called  non- 
myxoedematous  hypothyroidism,  was  in  1891  described  as  ‘fruste’ 
or  incomplete  myxoedema  by  Thibierge  (1856-1926)  who  in  1897 
wrote  on  thyroid  infantilism.  Hertoghe  of  Antwerp  in  1899  empha¬ 
sized  the  various  manifestations,  including  adenoids,  of  chronic  benign 
hypothyroidism,  and  Leopold  Levi  and  de  Rothschild  wrote  on  its 
various  aspects  in  1906  and  after. 

Thyroid  Infantilism.  The  word  ‘infantilism’  was,  according  to 
Brissaud  (1852-1909),  first  used  in  his  clinical  teaching  by  C.  Lasegue 
(1816-83),  but  the  condition  had  not  escaped  the  attention  of  Andral 
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(1797-1876)  and  others.  The  word  first  appeared  in  print  in  the 
preface  written  by  P.  J.  L.  Lorain  (1827 -75)  to  the  thesis,  on  feminism 
and  infantilism  in  tuberculous  subjects,  of  his  pupil  Faneau  de  la 
Cour  in  1871.  Infantilism  has  been  defined  as  'a  somatic  syndrome, 
characterized  by  a  general  arrest  of  development  of  the  organism  by 
the  persistence,  in  a  subject  over  the  age  of  puberty,  of  the  chief 
morphological  features  of  infancy — hypoplasia  of  the  genitals,  absence 
of  the  secondary  sex  characters,  dwarfed  stature,  delayed  union  of 
the  epiphyses,  and  a  child-like  body’  (Souques  and  Chauvet,  1913). 
The  subjects  of  infantilism  usually  resemble  dwarfs  as  regards  their 
arrest  of  growth,  but’  dwarfing  or  simple  arrest  of  growth  does  not 
include  the  other  features  of  infantilism. 

Infantilism  may  be  due  to  many  causes:  infections,  syphilis,  severe 
heart,  especially  congenital,  disease ;  coeliac  or  Gee  s  disease,  pan¬ 
creatic,  renal  and  hepatic  disease,  glycogenic  hepatomegaly  or  von 
Gierke’s  disease,  thyroid  and  pituitary  insufficiency.  Lorain  s  type 
of  infantilism  became  recognized  and  has  been  regarded  as  idiopathic 
or  anangiophasic  (due  to  general  defective  development  of  the  vascular 
system  (Lancereaux,  1893),  or  to  be  degenerative  and  the  result  of 
malnutrition,  such  as  may  be  due  to  the  influence  of  parental  tuber¬ 
culosis  or  syphilis.  Subsequently  it  was  ascribed  to  hypopituitarism 
(E.  Levi,  1908).  The  subjects  of  Lorain’s  infantilism  are  slim  and 
graceful  and  a  contrast  to  Brissaud’s  myxoedematous  infantilism. 
The  combination  of  Lorain’s  and  Brissaud  s  forms  has  been  reported 
(Dupre  and  Pagniez,  1902). 

In  1895  Brissaud  (1852-1909)  described  thyroid  or  myxoedematous 
infantilism,  which  is  a  mild  form  of  cretinism,  or  the  same  in  early 
life  as  Hertoghe’s  benign  hypothyroidism.  He  described  a  moon-like 
face,  fat  cheeks,  swollen  eyelids,  and  thick  lips.  This  was  then  re¬ 
garded  as  far  the  commonest  form  of  infantilism.  There  is  now  evidence 
that  the  pituitary,  which  also  controls  the  thyroid,  is  much  more 
often  than  was  formerly  believed  responsible. 

Retrograde  Infantilism.  Gandy  (1906)  described  2  cases  in  men 
with  atrophy  of  the  genitals,  loss  of  sexual  power,  the  secondary  sex 
characters,  the  hair,  and  muscular  power.  The  skin  resembled  that 
in  myxoedema,  and  the  blood-pressure  was  low.  Other  cases  have 
been  reported ;  Apert  published  one  in  a  woman,  and  some  with 
polyuria  have  been  recorded.  Gandy  described  it  as  dysthyroidism 
and  dysorchidism ;  Apert  (1933)  regarded  the  thyroid  as  primarily 
responsible,  but  admitted  that  in  some  instances  the  pituitary  may 
be  at  fault,  which  would  seem  the  most  probable  explanation.  After 
death  the  thyroid  and  testes  are  markedly  atrophied.  Apert  recom¬ 
mended  thyroid  and  testicular  therapy  and,  in  exceptional  instances, 
pituitary  treatment. 
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Benign  Hypothyroidism . 

Hertoghe,  E.,  Bidl.  Acad.  roy.  de  med.  de  Belg.,  1899,  xiii.  231 ;  Levi,  E.,  Nouv. 
iconogr.  de  la  Salpetr.,  Paris,  1908,  xxi.  421  ;  Levi,  L.,  et  de  Rothschild,  H., 
Compt.  rend.  Soc.  biol.,  Paris,  1906,  lx.  797  ;  idem,  Gaz.  d.  hop.,  Paris,  1907,  lxxx. 
879  ;  Means,  J.  H.,  and  Lerman,  J.,  Trans.  Assoc.  Am.  Phys.,  Phila.,  1930,  xlv. 
363;  idem,  Arch.  hit.  Med.,  Chicago,  1935,  lv.  1 ;  Thibierge,  G.,  Gaz.  d.  hop., 
Paris,  1891,  lxiv.  117 ;  idem,  Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris,  1898,  3  s., 
xv.  699. 

Thyroid  Infantilism. 

Apert,  E.,  Infantilism,  Engl,  transl.,  Lond.,  1933,  p.  89;  Brissaud,  E.,  Lemons 
sur  les  maladies  nerveuses,  1889;  Dupre,  E.,  et  Pagniez,  P.,  Nouv.  iconogr.  de 
la  Salpetr.,  Paris,  1902,  xv.  124;  Ellis,  R.  W.  B.,  Proc.  Boy.  Soc.  Med.,  1934, 
xxvii.  943 ;  Gandy,  C.,  Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris,  1906,  3  s.,  xxiii. 
1226;  Lancereaux,  E.,  Semaine  med.,  Paris,  1893,  25;  Souques,  A.,  et 
Chauvet,  S.,  Nouv.  iconogr.  de  la  Salpetr.,  Paris,  1913,  xxvi.  69. 

Treatment.  Before  the  introduction  of  thyroid  treatment  the 
only  drugs  thought  to  exert  a  beneficial  effect  were  pilocarpine,  nitro¬ 
glycerin,  and  tonics.  Preparations  of  jaborandi  or  pilocarpine  were 
stated  to  have  been  followed  by  slight  improvement  in  18  of  the  65 
cases  in  which  treatment  was  reported  in  the  Clinical  Society’s  Report 
(1888).  Mahomed  (1849-84)  in  1882  recorded  great  transient  im¬ 
provement  from  nitroglycerin,  and  S.  West  (1848-1920)  benefit  from 
pilocarpine  in  1884. 

Thyroid  Treatment.  Grafting  after  experimental  thyroidectomy  was 
performed  by  M.  Schiff,  A.  von  Eiselsberg,  and  Victor  Horsley  who, 
in  1890,  recommended  it  in  man.  This  was  carried  out  by  Bircher 
(1890),  Bettencourt  and  Serrano  (1890),  Hurry  Fenwick  (1891),  W.  J. 
Collins (1891),  G.  A.  Wright  (1892),  and Macpherson  (1892).  Improve¬ 
ment  was  usually  temporary  only,  and  was  due,  as  present  knowledge 
shows,  to  the  absorption  of  the  graft.  Albert  Kocher  (1923)  revived 
the  grafting  treatment,  and  in  connexion  with  the  success  of  the 
operation  insisted  on  the  importance  of  keeping  the  patient  under 
the  influence  of  thyroid  extract  both  before  and  after  the  operation 
of  transplantation,  otherwise  the  graft  was  ‘simply  eaten  up’  by  the 
subthyroid  patient.  Ewald’s  injection  of  an  emulsion  of  the  thyroid 
into  the  circulation  gave  rise,  as  might  now  be  expected,  to  unpleasant 
results.  In  1890  Vassale  reported  benefit  from  intravenous  injection 
of  a  thyroid  extract  in  thyroidectomized  dogs  with  acute  symptoms, 
and  Gley  (1891)  reported  a  similar  result.  Brown-Sequard  and 
D  ’Arsonval  (1891 )  suggested  that  thyroid  extract  would  be  beneficial 
in  myxoedema.  But  before  this,  in  1890,  G.  R.  Murray,  then  professor 
of  comparative  pathology  at  Newcastle-on-Tyne  and  later  professor 
of  medicine  at  Manchester,  had  come  to  the  conclusion  that  logically 
myxoedema  should  be  benefited  by  the  hypodermic  injection  of 
thyroid;  after  consulting  Horsley  in  December  1890  (vide  Stephen 
Paget  s  Sir  Victor  Horsley;  A  Study  of  His  Life  and  Work,  p.  65) 
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Murray  published  this  suggestion  early  in  1891,  and  in  the  following 
October  recorded  the  progress  of  a  myxoedematous  patient  who  had 
been  treated  since  April  by  hypodermic  injections  of  a  glycerin 
extract  of  a  sheep’s  thyroid ;  this  was  a  woman,  aged  4G  years,  who 
lived  to  be  74,  and  during  the  following  28  years  took  more  than  9 
pints  of  liquid  thyroid  extract  or  the  equivalent  of  870  sheep's 
thyroids.  Another  remarkable  case  may  be  interpolated  here:  A 
woman  became  myxoedematous  about  1870  and  after  more  than  20 
years,  during  which  she  became  bedridden  and  imbecile,  was  treated 
and  began  a  new,  happy,  healthy,  and  active  life  until  her  death  at  the 
age  of  94  (Raven,  1924).  In  the  same  number  of  the  British  Medical 
Journal  as  Murray’s  second  paper  (1891)  Hurry  Fenwick  reported  a 
case  treated  by  injections  and  emphasized  the  resulting  diuresis,  but 
not  other  beneficial  results,  and  indeed  ascribed  myxoedema  to  renal 
disorder.  In  1892  he  reported  2  cases  treated  in  the  same  way  and 
with  similar  deductions. 

In  the  British  Medical  Journal  of  October  29,  1892,  Hector 
Mackenzie  (1856-1929)  and  E.  L.  Fox  independently  reported  cases 
in  which  the  oral  administration  of  thyroid  preparations  was  quite 
successful,  and  in  the  same  year  F.  Howitz  (1828-1912),  professor  of 
clinical  surgery  in  Copenhagen,  obtained  a  similar  result  by  feeding 
a  patient  on  the  lightly  cooked  thyroids  of  sheep.  It  has  been  sug¬ 
gested  that  the  effective  result  of  oral  administration  is  correlated 
with  the  embryonic  origin  of  the  thyroid  from  the  primitive  mouth, 
and  with  the  discharge  of  thyroid  secretion  into  the  mouth  in  some 
animals.  But  on  this  analogy  the  secretion  of  the  anterior  pituitary 
should  be  equally  well  absorbed  when  taken  by  the  mouth,  but  this 
is  certainly  not  the  case.  Oral  administration  of  thyroid  in  myxoe¬ 
dema  was  at  once  widely  adopted.  By  May  1893  Beadles  (1867-1933) 
collected  100  treated  cases  (40  by  hypodermic  injection).  In  1895 
Byrom  Bramwell  published  a  notable  series  of  photographs  showing 
the  curative  effect  of  thyroid  on  the  baldness  of  myxoedema.  In 
urgent  cases  thyroxine  {vide  p.  155)  can  be  injected  intravenously. 
The  substitutional  treatment,  like  that  of  diabetes  meilitus  by  insulin, 
is  not  a  cure  in  the  strict  sense  of  the  word,  for  it  must  be  continued 
for  life.  Patients  might  therefore  be  described  as  ‘addicts’,  and 
incidentally  it  may  be  mentioned  that  some  persons,  other  than 
those  with  myxoedema,  do  become  thyroid  addicts  ( vide  p.  268). 
The  usual  maintenance  dose,  after  the  symptoms  have  been  removed 
by  initial  treatment,  is  usually  1  to  2  grammes  daily  of  thyroideum 
siccum,  B.P.  (Murray,  1934).  Thyroid  treatment  diminishes  hyper  - 
cholesterolaemia  and  raises  the  metabolic  rate. 

The  compound  3  :  5-di-iodo-thyronine  (Harington  and  McCartney, 
1929)  which  can  be  readily  synthetized,  but  is  much  less  powerful 
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than  thyroxine  (Gaddum,  1927-8),  has  been  successfully  employed 
in  the  treatment  of  myxoedema  (Anderson,  Harington,  and  Lyon, 
1933).  It  is  more  soluble  than  thyroxine  in  water  and  relieves  all  the 
symptoms,  raising  the  metabolic  rate  without  increasing  the  pulse 
rate  and  reducing  the  body- weight.  Given  by  the  mouth  in  doses 
of  50  to  75  mg.  daily  it  does  not  induce  toxic  symptoms.  It  has  been 
suggested  that  it  may  be  changed  into  thyroxine. 

Thyroid  preparations,  like  other  effective  drugs,  are  double-edged 
weapons,  and  when  taken  by  hypersensitive  individuals  or  in  excess 
may  cause  untoward  results.  The  danger  of  cardiac  failure  in  myxoe¬ 
dema  from  large  doses  was  recognized  as  early  as  1892  by  Murray. 
The  bad  effects,  mainly  in  producing  what  was  first  called  ‘thy- 
roidism  ’,  now  hyperthyroidism  or  many  of  the  symptoms  of  toxic 
goitre,  but  hardly  ever  exophthalmos,  have  been  recorded  in  persons 
taking  thyroid  for  reasons  other  than  myxoedema  and  without 
medical  supervision  (vide  p.  268). 

Anderson,  A.  B.,  Harington,  C.  R.,  and  Lyon,  D.  M.,  Lancet,  1933,  ii.  1081 ; 
Beadles,  C.  F.,  Journ.  Ment.  Sc.  Lond,.,  1893,  xxxix.  343;  Beclere,  A., 
Bull,  et  7nem.  Soc.  med.  d.  hop.  de  Paris,  1894,  3  s.,  xi.  631 ;  Bettencourt  et 
Serrano,  Sem.  med.,  Paris,  1890,  x.  294;  idem,  Progres  med.,  Paris,  1890,  xii. 
170;  Bircher,  H.,  Samml.  klin.  Vortr.,  Leipz.,  1900  (Chir.  No.  110),  3393; 
Bramwell,  B.,  Edin.  Hosp.  Rep.,  1895,  iii.  116;  Brown-Sequard  et  D’Arson- 
val,  Arch,  de  physiol,  norm,  et  path.,  Paris,  1891,  xxiii.  224;  Collins,  W.  J., 
Lancet,  1891,  i.  1003;  Fenwick,  H.,  ibid.,  1891,  i.  1003;  1892,  ii.  941;  idem, 
Brit.  Med.  Journ.,  1891,  ii.  798;  Fox,  E.  L.,  ibid.,  1892,  ii.  941;  Gaddum, 
J.  H.,  Journ.  Physiol.,  Lond.,  1927-8,  lxiv.  246;  Gardiner-Hill,  H.,  Lancet, 
1933,  ii.  937  ;  Gley,  E.,  Compt.  rend.  Soc.  biol.,  Paris,  1891,  liii.  250;  Harington, 
C.  R.,  The  Thyroid  Gland:  its  Chemistry  and  Physiology,  Lond.,  1933,  p.  151  ; 
Harington,  C.  R.,  and  McCartney,  W.,  Journ.  Chem.  Soc.,  1929,  892; 
Horsley,  V.,  Brit.  Med.  Journ.,  1890,  i.  287  ;  Howitz,  F.,  Congr.  of  Naturalists, 
Copenhagen,  1892,  xiv.  517,  vide  Brit.  Med.  Journ.,  1893,  i.  266 ;  Kendall,  E.  C., 
Thyroxine,  N.Y.,  1929,  p.  175;  Kocher,  A.,  Brit.  Med.  Journ.,  1923,  ii.  580; 
Lannelongue,  O.  M.,  Bull,  med.,  Paris,  1890,  iv.  225;  Luden,  G.,  Collected 
Papers,  Mayo  Clinic,  1918,  x.  470;  Mackenzie,  H.,  Brit.  Med.  Journ.,  1892, 
ii.  940;  MacPherson,  J.,  Edin.  Med.  Journ.,  1891—2,  xxxvii.  1021 ;  Mahomed, 

F. ,  Trans.  Clin.  Soc.  Lond.,  1882,  xv.  98;  Murray,  G.  R.,  Proc.  of  Northumber¬ 
land  and  Durham  Med.  Soc.,  1890-1,  Feb.,  p.  91 ;  idem,  Brit.  Med.  Journ.,  1891, 
ii.  796;  idem,  ibid.,  1920,  i.  359;  idem,  ibid.,  1934,  ii.  136;  Notthaft,  A.  F. 
von,  Centralbl.  f.  inn.  Med.,  Leipz.,  1898,  xix.  353;  Raven,  H.  M.,  Brit.  Med. 
Journ.,  1924,  i.  622;  Vassale,  G.,  Riv.  sper.  di  freniat.,  Reggio-Emilia,  1890, 
xxvi.  439;  West,  S.,  St.  Bart.  Hosp.  Rep.,  Lond.,  1884,  xx.  128;  Wright, 

G.  A.,  Lancet,  1892,  i.  609. 


Goitre 

A  omenclature.  Goitre,  according  to  Skeat,  is  derived  from  ‘  guttur  ’, 
the  throat  (through  a  debased  form:  gutter).  Struma  (Latin  = 
swollen  gland)  was  formerly  applied  indiscriminately  to  swellings  in 
the  neck,  whether  of  the  thyroid  or  of  tuberculous  glands.  Richard 
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Wiseman  (?1622-76)in  1676  quoted  Andreas  Laurentius  (1558-1609), 
whose  works  were  said  by  N.  F.  Eloy  (1714-88)  in  1755  to  be  ‘more 
remarkable  for  style  than  for  accuracy  ’,  to  the  effect  that  bronchocele 
was  a  species  of  ‘the  King’s  evil’,  and  with  this  authority  recorded 
as  £  bronchoceles  ’  cases  which  now  appear  to  have  been  suppurating 
tuberculous  glands  and  a  parotid  tumour.  Bronchocele  {fipoyxoKrjXy 
used  by  Paul  of  Aegina  (625-90)  from  f3poyxos  =  wind-pipe,  and 
KTjXrj  =  tumour),  an  old  synonym  for  goitre,  is  a  relic  of  the  time  when 
the  thyroid  enlargement  was  regarded  as  due  to  hernial  protrusions 
containing  air  from  the  wind-pipe,  such  as  have  in  comparatively 
recent  times  been  described  as  arising  from  the  trachea  or  rudimentary 
bronchi  as  aeroceles  (Semon,  1892).  The  first  reference  to  the  use  in 
English  of  bronchocele  is,  according  to  the  Oxford  English  Dictionary, 
in  1657  in  £A  Physical  Dictionary,  published  for  the  more  perfect 
understanding  of  Mr.  Tomlinson’s  translation  of  Rhaenodaeus’  Dis¬ 
pensary’.  The  title  of  Richard  Tomlinson’s  translation  is  A  Medicinal 
Dispensatory  containing  the  whole  body  of  Pharmacy,  .  .  .  Englished 
and  revised  by  P.  Tomlinson,  Apothecary,  London,  1657. 

History.  As  might  be  anticipated,  such  an  obvious  deformity  did 
not  escape  the  attention  of  Hippocrates.  But  it  was  long  confused 
with  tuberculous  adenitis,  and  was  included  under  the  term  struma. 
The  historical  aspects  were  considered  in  detail  by  August  Hirsch 
(1817-94),  who  pointed  out  that  the  existence  of  endemic  goitre  in 
the  Alps  may  be  safely  assumed  from  remarks  made  by  Pliny  the 
elder  (a.d.  23-79),  Vitruvius,  and  Juvenal  whose  XHIth  satire  con¬ 
tains  the  line  £Quis  tumidum  guttur  miratur  in  Alpibus’.  Celsus  in 
his  chapter  £  De  Struma  ’  dealt  with  enlarged  lymphatic  glands,  but 
the  chapter  on  £De  Cervicis  Vitio’  described  cystic  goitre.  Aetius 
of  Amida  {circa  500)  and  Paul  of  Aegina  were  familiar  with  the  disease. 
Medical  references  to  it  were  made  by  Arnold  of  Villanova  (1235- 
1311),  described  as  £a  sort  of  refined  Paracelsus’  by  Garrison. 
Paracelsus  (1493-1541)  observed  it  in  the  Duchy  of  Salzburg,  and 
was  the  first  to  correlate  cretinism  with  it.  Baccius  (obiit  1600) 
wrote  £  the  people  are  strumous,  but  the  women  more  than  the  men, 
because  of  the  evil  of  the  water  (as  they  think)  that  they  drink 
(H.  M.  Brown).  The  localization  of  the  swelling  in  the  thyroid  has 
been  ascribed  to  Fabricius  (1537-1619)  in  1617.  The  almost  universal 
presence  of  goitre  in  parts  of  Tyrol  is  illustrated  by  the  incident  of 
an  English  traveller,  of  whom  it  was  remarked  that  he  would  have 
been  quite  a  handsome  man  if  only  he  had  had  a  goitre  (Girard,  1775). 
Vincenzo  Malacarne  (1744-1816)  in  1788  made  scientific  observations 
on  these  diseases  in  the  valley  of  Aosta. 

Many  pictures  by  old  masters  of  the  Madonna,  such  as  those  of 
£  The  Virgin  and  Child  ’  by  Roger  van  der  Weyden  (1399-1464)  in  the 
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Prado  at  Madrid,  of  Albrecht  Diirer’s  ‘Madonna  with  the  Pink’ 
(1516),  and  of  other  women,  such  as  Rubens’s  ‘Chapeau  de  pod’, 
representing  his  sister-in-law,  Suzanne  Fourment,  show  the  presence 
of  a  goitre. 

Boussingault,  J.  B.,  Ann.  de  chim.  et  phys.,  Paris,  1831,  xlviii.  41;  Brown, 
H.  M.,  W isconsin  Med.  Journ.,  1917,  xvi.  240 ;  Fabricius,  H.,  Opera  chirurgica, 
Padua,  1617;  Girard,  B.,  Lupiologie,  Traite  des  loupes,  Paris,  1775,  p.  409; 
Grange,  Arch.  gen.  de  med.,  Paris,  1850,  4  s.,  xxiv.  243  ;  Floy,  N.  F.,  Dictionaire 
historique  de  la  medecine,  Liege,  1755 ;  Hirsch,  A.,  Handbook  of  Geographical  and 
Historical  Pathology,  New  Sydenham  Soc.,  1885,  ii.  121 ;  Inglis,  J.,  Treatise  on 
English  Bronchocele  with  a  few  Remarks  on  the  Use  of  Iodine,  Lond.,  1838;  Mc¬ 
Clelland,  J .,  Trans.  Med.  and  Phys.  Soc.,  Calcutta,  1834,  vii.  145 ;  Malacarne, 
\  .,  Lettre  au  Professor  Frank  a  Pavie,  in  Delectus  opusculorum  medicorum  ante- 
hac  Germaniae  diver  sis  Academiis  Editorum,  1788  ;  Moseley,  B.,  Medical  Tracts, 
2nd  edit.,  Lond.,  1804;  Semon,  F.,  Trans.  Clin.  Soc.  Loncl.,  1892,  xxv.  298; 
Skeat,  W .  W.,  Etymological  Dictionary  of  the  English  Language,  3rd  edit.,  Oxford, 
1898,  p.  239;  Wiseman,  R.,  Chirurgical  Treatises,  Lond.,  1676,  pp.  251,  279. 

Aetiology.  Goitre  has  been  attributed  to  many  factors.  From  the 
fifth  to  the  seventh  centuries  it  was  occasionally  regarded  as  a  divine 
punishment  for  offences,  such  as  robbing  the  graves  of  saints.  Later, 
like  scrofula,  with  which  it  was  much  confused,  it  was  believed  to  be 
cured  by  the  royal  touch.  Saint  Lager,  who  had  a  goitre,  in  1867 
collected  42  suggested  causes,  some  of  which  overlap,  others,  such  as 
onanism,  more  than  fanciful,  all  of  which,  except  the  water  supply, 
he  critically  dismissed.  In  19  of  the  quoted  hypotheses  drinking 
water,  altered  in  some  respect  and  sometimes  in  opposite  directions, 
was  incriminated ;  1 1  hypotheses  regarded  atmospheric  influences 
as  responsible  ;  as  late  as  1880  McNamara  considered  that  the  miasma 
of  malaria  caused  goitre  in  India.  Since  the  time  of  Pliny  the  elder 
(a.d.  23-79)  the  existence  of  goitre  wells  has  been  recognized.  Marco 
Polo  (?1254-1324)  spoke  of  goitre  in  central  Asia  as  due  to  the 
drinking  w^ater. 

4  ormerly  the  causation  was  mainly  ascribed  to  some  positive  agent, 
such  as  excess  of  mineral  salts  in  the  drinking  water  or  dampness  of 
the  soil,  thus  contrasting  with  the  modern  and  negative  explanation 
that  it  is  a  deficiency  disease.  The  close  association  of  endemic  goitre 
with  limestone  districts  was  emphasized  by  Boussingault  in  New 
Granada  in  1831,  and  thoroughly  investigated  by  McClelland  (1800- 
83)  in  the  Himalayas  in  1834.  In  1850  Grange  from  a  wide  survey 
incriminated  magnesia  in  particular,  a  view  for  which  Inglis  claimed 
priority  on  account  of  his  treatise  published  in  1838.  Endemic  goitre  in 
the  Alps  was  ascribed  not  to  the  water  but  to  the  stagnant  air,  and  in 
1800  Benjamin  Moseley  (1742-1819)  argued  that  Alpine  bronchocele 
was  due  to  a  frigid  blast  of  air  striking  the  inhabitants  of  towns 
during  hot  weather,  and  that  the  remedy  was  to  keep  the  neck 
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covered.  Epidemics  of  goitre  have  occurred,  mainly  in  France  in  the 
last  century,  especially  among  troops  moved  from  a  non-goitrous 
into  a  goitrous  district.  In  rare  instances  sporadic  goitre  is  familial. 

Sex  Incidence.  It  is  much  more  frequent  in  women,  8  to  1,  than 
in  men,  and  this  has  been  connected  with  the  relation  of  the  thyroid 
and  the  gonads  as  shown  by  increase  of  the  thyroid  at  the  menstrual 
periods  and  during  pregnancy.  The  difference  in  the  incidence  in  the 
two  sexes  is  less  in  endemic  areas  than  when  occurring  sporadically. 

Age  Incidence.  In  children  in  endemic  areas  females  are  more  often 
affected  than  males.  Congenital  goitre  is  rare  (vide  p.  199). 

Pathogeny.  (A)  Genetic  factors  must  be  taken  into  account  in 
connexion  with  the  freedom  from  goitre  of  some  persons  in  an  en¬ 
demic  area,  as  well  as  (B)  the  exogenous  or  environmental  factors, 
such  as  the  impurities  in  water,  unsuitable  food,  deficiency  of  iodine 
or  of  vitamins. 

(A)  Genetic  or  Endogenous  F  actors .  Bauer  (1926)  considered  that  in 
sporadic  goitre  there  is  a  defect  in  the  efficiency  of  the  thyroid  or  its 
sensitiveness  to  variations  in  the  exogenous  factors  (differences  in  the 
amount  of  iodine  or  of  impurities  in  the  water),  and  hence  the  thyroid 
is  stimulated  to  do  its  best  and  thus  hypertrophies.  In  endemic 
goitre,  a  thyroid  below  the  normal  falls  under  the  influence  of  the 
exogenous  factors  such  as  iodine  lack  or  infection.  The  difference 
between  sporadic  and  endemic  goitre  is  thus  regarded  as  quantitative 
and  not  qualitative.  Davenport  (1932)  concluded  that  goitre  sus¬ 
ceptibility  depends  on  two  co-operating  factors:  (1)  a  sex-linked 
dominant  gene  which  renders  females  specially  subject  to  goitre ; 
(2)  a  non-sex-linked  gene,  occurring  in  both  sexes,  which,  though 
probably  not  located  in  the  thyroid,  is  responsible  for  some  imper¬ 
fection  in  its  structure  or  chemical  action. 

(B)  The  exogenous  or  environmental  factors  which  tend  to  pro¬ 
duce  goitre  fall  into  two  groups:  (a)  iodine  deficiency,  and  ( b )  other 
mechanisms : — 

(a)  The  history  of  this  view  is  long  and  interesting.  After  the 
discovery  of  iodine  and  bromine  Prevost  of  Geneva  (1/90-1850), 
impressed  by  the  benefit  his  co-townsman  Coindet  obtained  by  iodine 
in  the  treatment  of  goitre  (p.  204),  suggested  that  a  deficiency  of 
iodine  and  bromine  in  water  was  the  factor  responsible  for  goitre 
and  cretinism.  Boussingault  in  New  Granada  (1831),  Marchand  in 
1850,  and  Fourcoult  in  1851  supported  the  view  that  deficiency  of 
iodine  was  the  cause.  In  1838  Inglis,  observing  that  goitre  was 
common  in  the  country  around  Harrogate  but  rare  in  that  town, 
ascribed  this  immunity  to  iodine  and  bromine  in  the  Harrogate  water. 
During  a  number  of  years  from  1850  onwards  A.  Chatin  (1813—96) 
carried  out  extensive  surveys  and  investigations  which  supported 
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the  belief  that  iodine  lack  was  the  cause.  The  Academie  des  Sciences 
of  Paris  appointed  a  committee  to  report  on  the  matter ;  this  com¬ 
mittee  found  difficulties,  such  as  the  prevalence  of  goitre  in  districts 
where  the  water  contained  plenty  of  iodine,  which  led  to  an  adverse 
report  on  Chatin’s  thesis.  The  iodine  hypothesis  was  forgotten  and 
with  it  the  therapeutic  use  of  iodine  passed  out  of  fashion.  After  an 
interval  of  three-quarters  of  a  century  the  problem  of  the  geogra¬ 
phical  distribution  of  iodine  in  relation  of  goitre  was  taken  up  again 
by  McClendon  (1923)  in  the  United  States,  von  Fellenberg  (1923) 
in  Switzerland,  and  by  Hercus,  Benson,  and  Carter  (1925)  in  New 
Zealand,  where  prima  facie  the  conditions,  those  of  a  small  island, 
might  appear  to  rule  out  the  hypothesis  of  iodine  lack.  The  results, 
however,  definitely  confirmed  the  association  between  the  prevalence 
of  goitre  and  deficiency  of  iodine  in  water,  soil,  and  food.  Though  it 
has  been  proved  that  deficiency  of  iodine  is  an  important  cause, 
other  factors  must  at  least  be  taken  into  conjunction  with  it.  The 
same  difficulty  that  faced  the  committee  of  the  Academie  des  Sciences 
of  Paris  in  the  middle  of  the  last  century  holds  good  now,  namely, 
that  in  some  instances  goitre  occurs  in  areas  where  the  iodine  supply 
is  adequate.  But,  as  Harington  pointed  out,  though  other  factors 
may  appear  to  be  goitrogenic,  their  influence  is  counteracted  by 
iodine.  Thus  fat  in  the  diet  may  so  interfere  with  the  absorption  of 
iodine,  even  if  the  amount  in  the  food  is  adequate,  that  a  sufficient 
supply  of  iodine  does  not  reach  the  thyroid.  Marine  (1924),  who  has 
worked  at  the  subject  since  at  least  1907,  strongly  holds  that  iodine 
starvation  is  responsible  for  goitre,  which  he  regards  as  a  work 
hypertrophy  caused  by  an  absolute  or  relative  deficiency  of  iodine. 
Oleson  (1929)  expressed  the  somewhat  modified  opinion  which  re¬ 
presents  a  compromise  of  the  opposing  views,  namely,  ‘  while  deficiency 
or  absence  of  iodine  is  the  immediate  cause  of  goitre,  there  are  also 
some  secondary  factors,  such  as  infections,  intoxications,  faulty  food 
habits,  and  demands  for  additional  iodine  in  female  life’.  Goitres, 
even  those  containing  much  colloid,  were  shown  by  Roos  (1898)  to 
be  deficient,  as  compared  with  normal  thyroids,  in  iodine. 

( b )  Other  mechanisms  urged  by  McCarrison  (1908,  1932),  who 
fully  admits  the  powerful  anti-goitrogenic  influence  of  iodine,  are 
(i)  bacterial  contamination  of  the  water  supply  and  insanitary  con¬ 
ditions,  (ii)  faulty  diet. 

(i)  According  to  Hirsch  the  infective  origin  of  goitre  was  first 
advocated  in  1824  by  von  Humboldt  (1769-1859),  and  was  supported 
by  Virchow  in  1852  and  others,  including  Hirsch  (1817-94)  in  1860. 
In  the  bacteriological  era  McCarrison  brought  forward  much  evidence 
in  its  favour,  for  example,  in  an  Indian  school  in  the  Himalayan  foot¬ 
hills  with  a  grossly  contaminated  water  supply  there  was  a  high  in- 
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cidence  of  goitre  ;  he  also  in  1917  produced  goitre  by  keeping  animals 
in  dirty  cages ;  in  both  these  instances  the  administration  of  iodine 
counteracted  the  effects  of  the  goitrogenic  factor. 

(ii)  An  unbalanced  or  faulty  diet  may  contain  an  excess  of  fats 
and  lime  which  interfere  with  the  absorption  of  iodine.  A  diet  defi¬ 
cient  in  vitamins  has  been  thought  to  play  a  part  in  the  production 
of  goitre. 

Deficiency  of  vitamins  A,  B,  C,  D  and  of  some  inorganic  elements 
(manganese  being  one)  and  of  roughage  was  found  experimentally  to 
be  goitrogenic  (McCarrison,  1928;  1933).  A.  W.  Spence  (1934),  how¬ 
ever,  showed  that  vitamins  A,  B,  and  D  had  not  any  preventive  effect 
against  the  production  of  experimental  goitre. 

Goitre  has  been  produced  experimentally  (rabbits)  by  a  diet  of 
cabbage,  brussels  sprouts,  bran,  maize,  or  cauliflower ;  at  first  the 
goitrogenic  factor  in  the  foods  was  believed  to  be  a  glucoside,  but 
later  evidence  has  accumulated  in  favour  of  a  cyanide  (Chesney, 
Clawson,  and  Webster,  1928  ;  Webster,  1932).  This  was  confirmed  by 
Marine,  Baumann,  and  Cipra  (1929).  It  has  been  thought  that  the 
cyanide  (a)  interferes  with  tissue  oxidation  and  thus  a  call  is  made  on 
the  thyroid  which  responds  by  hyperplasia,  or  ( b )  that  the  cyanide 
stimulates  the  anterior  pituitary  to  increased  secretion  of  the  thyro¬ 
tropic  hormone  (Marine  and  Rosen,  1933).  The  goitrogenic  agent 
(cyanide)  in  the  vegetables  appears  to  be  counteracted  by  iodine  and 
perhaps  by  an  agent,  present  at  certain  periods  of  the  year  in  vege¬ 
tables  (Marine,  Baumann,  Spence,  and  Cipra,  1932).  Ascorbic  acid 
was  shown  experimentally  not  to  cause  involution  of  the  cabbage 
goitre  (Spence  and  Scowen,  1935). 

Excess  of  calcium  in  the  diet  has  produced  goitre  experimentally 
(Hell wig,  1935),  and  calcium  was  thought  to  be  retained  in  the  body 
and  to  play  a  part  in  the  production  of  cabbage  goitre  (Baumann, 
Kurland,  and  Metzger,  1931). 
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Hopkins  Hosp.,  Baltimore,  1928,  xliii.  261;  Coindet,  J.  F.,  Ann.  de  chim.  et 
phys.,  Paris,  1820,  xv.  49;  Davenport,  C.  B.,  The  Genetical  Factor  in  Endemic 
Goitre,  No.  428,  Department  of  Genetics,  Carnegie  Institute,  1932;  Fellen- 
berg,  T.  VON,  Biochem.  Ztschr.,  1923,  cxxxix.  371;  Fourcoult,  Compt.  rend. 
Acad.  d.  sc.,  Paris,  1851,  xxxiii.  518;  Harington,  C.  R.,  The  Thyroid  Gland: 
its  Chemistry  and  Physiology,  Lond.,  1933,  pp.  38-74;  Hell  wig,  C.  A.,  Arch. 
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xxiii.  550;  Hercus,  C.  E.,  Benson,  W.  N.,  and  Carter,  C.  L.,  Journ.  Hyg., 
Cambridge,  1925,  xxiv.  321 ;  Hirsch,  A.,  Handbook  of  Geographical  and  His¬ 
torical  Pathology,  English  translat.,  New  Sydenham  Soc.,  Lond.,  1885,  ii.  198; 
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Humboldt,  A.  von,  Journ.  de  physiol,  exper.,  Paris,  1824,  iv.  109;  Inglis,  J., 
Treatise  on  English  Bronchocele  with  a  few  Remarks  on  the  Use  of  Iodine,  Lond., 
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Health  and  Disease,  Lond.,  1917;  idem,  Simple  Goitre,  Lond.,  1928;  idem, 
Brit.  Med.  Journ.,  1933,  i.  671 ;  McCareison,  R.,  and  Madhava,  K.  B.,  Indian 
Med.  Research  Memoirs,  No.  23,  1932;  McClendon,  J.  F.,  and  Williams,  A., 
Rroc.  Soc.  Exper.  Biol,  and  Med,.,  N.Y.,  1923,  xx.  286;  McNamara,  F.  W., 
Climate  and  Diseases  of  Himalayan  India,  Lond.,  1880;  Marchand,  E.,  Comp, 
rend.  Acad.  d.  sc.,  Paris,  1850-1,  xxxi.  495;  Marine,  D.,  Medicine,  Baltimore, 
1924,  iii.  453;  Marine,  D.,  Baumann,  E.  J.,  and  Cipra,  A.,  Proc.  Soc.  Exper. 
Biol,  and  Med.,  N.Y.,  1929,  xxvi.  822;  Marine,  D.,  Baumann,  E.  J.,  Spence, 

A.  W.,  and  Cipra,  A.,  ibid.,  1932,  xxix.  772;  Marine,  D.,  and  Rosen,  S.  H., 
ibid.,  1933,  xxx.  901;  Oleson,  R.,  Report  No.  192,  Public  Health  Service, 
Washington,  1929;  Prevost  e  Maffoni,  Atti  d.  r.  Accad.  di  vied,  di  Torino, 
1846,  ii.  453,  quoted  by  Hirsch ;  Roos,  E.,  Ztschr.  f.  physiol.  Chern.,  Strassb., 
1898,  xxv.  1;  Spence,  A.  W.,  St.  Barth.  Hosp.  Rep.,  Lond.,  1934,  lxvii.  201 
(Bibliography);  Spence,  A.  W.,  and  Scowen,  E.  F.,  Biochem.  Journ.,  Cam¬ 
bridge,  1935,  xxix.  562;  Virchow,  R.,  Verhandl.  d.  phys.-med.  Gesellsch.  in 
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Classification  and  Morbid  Anatomy 

Various  classifications  of  goitre  have  been  given;  Aschoff’s  classifi¬ 
cation  (1924)  is  as  follows: 

A.  Diffuse:  Congenital.  Parenchymatous  (micro-follicular).  Col¬ 
loid  (macro-follicular): 

{a)  non-proliferant,  ( b )  proliferant. 

Exophthalmic. 

B.  Nodular:  Hyperplasia. 

C.  Nodular:  Parenchymatous  (micro-follicular).  Colloid  (macro¬ 
follicular)  : 

{a)  non-proliferant,  ( b )  proliferant.  With  extensive  epithelial 
proliferation. 

Williamson  and  Pearse  (1925)  drew  up  an  elaborate  pathological 
classification  under  four  main  headings  with  subdivisions :  ( 1 )  Hyper¬ 
trophic  gland:  (a)  physiological,  (6)  pathological.  (2)  Heterotrophic 
gland:  (a)  vesicular  goitre,  ( b )  adenoid  goitre.  (3)  Hyperplastic 
gland:  (a)  simple  hyperplastic  goitre,  ( b )  lymph-adenoid  goitre. 
(4)  Heteroplastic  gland :  ( a )  primary  intralobular  fibrosis,  ( b )  primary 
perilobular  fibrosis. 

Fraser's  (1934)  simpler  classification  is  (i)  Diffuse:  (a)  hypertrophic 
or  hyperplastic,  (6)  colloid;  and  (ii)  nodular.  These  are  different 
stages  in  a  single  pathological  process. 

(a)  The  hypertrophic,  hyperplastic  or,  as  it  has  also  been  called, 
parenchymatous  goitre  shows  a  diffuse  increase  in  the  number  of 
vesicles  containing  little  colloid.  ( b )  The  colloid  goitre,  which  may  be 
sporadic,  endemic,  or  even  epidemic,  is  characterized  by  an  excess  of 
colloid  in  the  acini.  It  may  be  diffuse  or  one  lobe  may  be  chiefly 
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affected.  On  section  the  honeycombed  surface  has  a  translucent 
brownish  appearance ;  microscopically  the  acini  are  enlarged  and  by 
confluence  may  form  extensive  spaces.  The  colloid  phase  is  probably 
preceded  by  the  hyperplastic  or  parenchymatous  phase  of  goitre.  In 
nodular  goitre  there  may  be  one,  two,  or  more  separate  areas  of  hyper¬ 
plasia  in  which  the  histological  appearances  of  both  colloid  and  paren¬ 
chymatous  goitre  and  transitions  between  them  can  be  seen.  The 
method  of  origin  of  the  nodules  or  ‘  adenomas  ’  has  been  explained  in 
two  ways:  (i)  according  to  Beck  (1849),  Wolfler  (1880),  and  Ribbert 
(1915)  embryonic  islands  of  thyroid  cells,  especially  near  the  periphery 
of  the  thyroid,  give  rise  to  these  after  puberty,  and  (ii)  that  they  are  due 
to  proliferation  of  the  adult  cells  of  the  thyroid ;  this  view,  put  forward 
by  Virchow  (1863),  Hitzig  (1894),  and  Michaud  (1906),  was  confirmed 
from  examination  of  more  than  six  hundred  specimens  by  Kline 
(1925). 

Adenomas.  It  is  difficult,  often  impossible,  to  draw  a  hard-and- 
fast  line  between  hyperplasia  and  adenoma,  and  the  term  ‘adenoma’ 
is  often  applied  to  hyperplastic  areas  in  goitres,  and  that  of  adeno¬ 
matous’  used  instead  of  ‘nodular’  goitre.  Thyroid  adenomas  in 
general  have  been  grouped  with  fibro-adenomas  of  the  breast  and 
enlargement  of  the  prostate  as  not  being  true  neoplasms  (Boyd, 
1932).  Working  on  the  thyroid  in  hyperthyroidism  and  nodular 
goitre  Rienhoff  (1926)  found  that  8  per  cent,  only  of  thyroid  nodules 
were  true  adenomas,  the  remaining  92  per  cent,  (usually  encapsuled) 
showing  varying  degrees  of  hypertrophy,  hyperplasia,  involution, 
and  degeneration. 

Foetal  Adenomas  were  formerly  described  as  composed  of  tissue 
resembling  the  normal  foetal  thyroid,  derived  from  W  olfler  s  foetal 
cell-rests,  solid,  homogeneous,  and  occurring  mainly  in  children. 
According  to  Boyd  (1932)  they  are  grey  in  colour,  on  section  often 
show  yellow  areas  due  to  necrosis,  do  not  develop  from  W differs 
foetal  cell-rests,  and  differ  from  colloid  adenomas  only  in  having  under¬ 
gone  a  peculiar  form  of  degeneration ;  they  are  composed  of  large 
numbers  of  small  acini  containing  colloid  and  often  widely  separated 
by  a  hyaline  stroma  containing  thin-walled  vessels  which  readily 
rupture.  Boyd  argued  that  they  should  not  be  called  foetal. 

Congenital  goitre  was  recorded  by  Falloppius  (1523-62)  in  1563, 
Piraeus  in  1612,  and  Fodere  (1764-1835)  in  1800;  in  Switzerland 
Demme  (1879)  found  it  in  53  out  of  642  goitrous  children  under  15 
years  of  age  ;  McCarrison  in  1908  among  203  endemic  cretins  in  India 
detected  2  cases  only,  but  in  1907  Thevenot  collected  133  cases. 

From  experimental  investigation  on  goats  McCarrison  (1916)  con¬ 
cluded  that  congenital  goitre  is  due  to  the  action  on  the  foetal  thyroid 
of  toxins  from  the  maternal  intestine  derived  from  water  and  food 
contaminated  by  faecal  micro-organisms.  What  have  been  regarded 


200 


THE  THYROID 


as  congenital  goitres  in  still-born  foetuses  have  sometimes  on  further 
examination  turned  out  to  be  teratomas.  Cases  of  this  nature  have 
been  reported  by  Shattock  (1852-1924)  in  1882  and  by  Russell  and 
Kennedy  in  1913.  Probably  the  ‘monstrous’  thyroid  tumour  in  an 
8  months’  foetus  recorded  and  figured  by  Mondino  di  Luzzi  (1270- 
1326)  was  an  example. 

In  goitre  the  main  enlargement  occurs  in  the  lower  part  of  the  gland 
and  the  inferior  thyroid  artery  undergoes  well-marked  increase  in 
size.  Adenomas  or  nodular  hyperplasias  may  become  cystic,  and 
from  rupture  of  blood-vessels  contain  blood  mixed  with  colloid  and 
cholesterol  crystals. 

Cystic  Goitre.  Wolfler  (1850-1917)  in  1883  stated  that  the  cysts 
were  due  to  over-distension  of  the  follicles  and  as  a  result  rupture 
into  the  interstitial  tissue  of  the  thyroid.  Bradley  (1896)  argued  that 
the  cysts  were  primarily  due  to  extravasation  of  blood  into  the  inter¬ 
stitial  tissue  and  then  into  the  follicles  of  an  existing  parenchymatous 
goitre.  Haemorrhage  may  cause  acute  enlargement  of  a  goitre. 

This  event  in  a  small  nodular  area  may  have  accounted  for  Weber’s 
case  of  ‘thyroid  apoplexy’  (1907)  with  acute  haemorrhagic  oedema 
of  the  right  side  of  the  pharynx  and  larynx  in  a  man,  aged  54,  with 
chronic  nephritis  and  hypertension,  although  there  was  not  any  mention 
of  a  previous  goitre. 

Calcification  and  even  ossification  may  occur  in  the  fibrous  capsules 
of  old  nodular  goitres. 

James  Douglas  (1675-1742)  in  1706  reported  ‘a  very  large  tumour 
in  the  fore  part  of  the  neck,  which  contained  a  bony  substance  like  rock 
coral’,  evidently,  though  not  so  called,  a  large  cyst  of  the  thyroid 
with  calcification  of  the  capsule. 

Aschoff,  L.,  Lectures  on  Pathology,  N.Y.,  1924;  Beck,  B.,  Arch.  f.  physiol. 
Heilk.,  Stuttg.,  1849,  viii.  186;  Boyd,  W.,  Text-hook  of  Pathology,  Bond.,  1932, 
p.  693 ;  Demme,  R.,  Med.  Ber.  u.  d.  Thatigk.  Jennersch.  Kindersp.  in  Bern, 
1879,  xvii;  Douglas,  J.,  Phil.  Trans.,  Lond.,  1706-7,  xxv.  2214;  Falloppius, 
G.,  De  Tumoribus praeter  Naturam,  Venet.,  1563 ;  Fodere,  F.  E.,  Traite  du  goitre 
etdu  cretinisme,  Paris,  1800,  p.  69;  Fraser,  F .  R.,  St.  Barth.  Hosp.  Rep.,  1934, 
lxvii.  148 ;  Hitzig,  T.,  Arch.f.  klin.  Chir.,  Berlin,  1894,  xlvii.  464 ;  Kline,  B.  S., 
Am.  Journ.  Path.,  Boston,  1925,  i.  235;  McCarrison,  R.,  Lancet,  1908,  ii.  1725; 
idem,  Proc.  Roy.  Soc.  Lond.,  B,  1916,  lxxxix.  322;  Michaud,  L.,  Virchows 
Arch.,  1906,  clxxxvi.  422;  Piraeus,  Epist.  med.-chir.,  Paris,  1612;  Rienhoff, 
W.  F.,  Arch.  Burg.,  Chicago,  1926,  xiii.  391;  Ribbert,  H.,  Frankf.  Ztschr.  f. 
Path.,  1915,  xviii.  55;  Russell,  A.  W.,  and  Kennedy,  A.  M.,  Journ.  Ohst.  and 
Gynaec.  Brit.  Empire,  1913,  xxiii.  109;  Shattock,  S.  G.,  Trans.  Path.  Soc.  Lond., 
1882,  xxxiii.  289;  Thevenot,  L.,  Bull,  med.,  Paris,  1907,  xxi.  452;  Virchow, 
R.,  Die  krankhaften  Geschwulste,  1863,  iii  (i).  15  ;  Weber,  F.  P.,  Trans.  Clin.  Soc. 
Lond.,  1907,  xl.  270;  Williamson,  G.  S.,  and  Pearse,  I.  H.,  Journ.  Path,  and 
Bacteriol.,  Edin.,  1925,  xxviii.  301 ;  Wolfler,  A.,  Wien.  med.  W chnschr .,  1882, 
xxxii.  5;  idem,  Arch.  f.  klin.  Chir.,  Berlin,  1883,  xxix.  1;  idem,  Ueber  die 
Entwickelung  und  den  Bau  der  Schilddruse,  Berlin,  1880. 
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Clinical  Picture.  Symptoms  are  often  entirely  in  abeyance  and  the 
individual  may  be  unconscious  of  the  enlarged  thyroid  or  only  notice 
that  the  collar  has  become  tight.  The  enlargement  is  usually  gradual 
and  slow ;  but  occasionally  it  comes  on  suddenly ;  this  may  be  due  to 
haemorrhage  into  an  adenoma  or  cystic  adenoma,  or  to  the  adminis¬ 
tration  of  iodine  in  large  doses.  The  skin  is  usually  unaltered,  but 
it  may  be  reddened  from  irritation  of  a  tight  collar,  and  the  sub¬ 
cutaneous  veins  may  be  prominent. 

Pressure  Symptoms.  Compression  of  the  trachea,  usually  bilateral 
(sabre-sheath  trachea),  is  occasionally  antero-posteriorly  from  en¬ 
largement  of  the  isthmus.  Pressure  of  some  degree  on  the  recurrent 
laryngeal  nerves  has  been  stated  to  occur  in  10  per  cent,  of  all  cases; 
this  may  cause  acute  laryngeal  obstruction,  'goitre  asthma’,  or  even 
goitre  death’;  but  usually  does  not  alter  the  voice.  Pressure  on 
veins  may  cause  cyanosis,  distension  of  the  cervical  and  thoracic 
veins,  and  has  been  thought  to  explain  giddiness  and  headache  ;  these 
effects  are  specially  prone  to  occur  in  ‘plunging  goitre’.  Dysphagia 
from  interference  with  the  oesophagus  is  rare.  A  unilateral  adenoma 
may  produce  very  considerable  displacement  of  the  trachea. 

Palpitation  and  other  cardiac  symptoms,  chiefly  dyspnoea,  were 
described  in  1878  by  Rose  (1836-1914),  and  called  'the  goitre  heart 
of  Rose  by  Minnich  in  1904  ;  A.  Kocher  spoke  of  it  as  'the  dyspnoeic 
goitre  heart  ’  to  distinguish  it  from  the  thyrotoxic  heart  of  Graves’s 
disease.  It  has  been  regarded  as  mechanical  in  origin  and  due  to 
intrathoracic  pressure  on  the  vagus,  heart,  or  lungs ;  but  there  has 
been  some  confusion  with  the  cardiac  manifestations  of  exophthalmic 
goitre,  and  it  is  probably  more  dependent  on  the  age  of  the  patient 
and  the  state  of  the  heart  muscle  than  on  the  presence  of  a  goitre. 

Retrosternal  and  Intrathoracic  Goitres.  As  the  growth  of  goitre 
occurs  chiefly  in  the  lower  part  of  the  thyroid,  the  goitre  may  pass 
behind  the  sternum  and  into  the  chest;  the  incidence  has  been 
variously  estimated  between  6  and  32  per  cent,  of  all  goitres  (Curtis) ; 
among  8,500  goitres  Lahey  (1934)  found  250,  or  3  per  cent,  of  intra¬ 
thoracic  goitres.  Those  arising  in  accessory  thyroids  play  an  im¬ 
portant  part  in  this  connexion .  A  diving  or '  plunging  ’  goitre  is  usually 
small,  extremely  mobile,  generally  present  in  the  neck,  but  prone  to  be 
drawn  into  the  inlet  to  the  chest  by  deep  inspirations,  and,  if  arrested 
there,  to  compress  the  trachea  and  cause  dyspnoea.  From  pressure 
on  the  veins  a  caput  medusae  may  form  over  the  front  of  the  neck. 
The  impaction  of  a  'plunging’  goitre  in  the  upper  opening  of  the 
thorax  was  described  as  'suffocating’  goitre  in  1855  by  Bonnet,  who 
also  mentioned  pressure  on  the  brachial  plexus,  the  recurrent  laryn¬ 
geal,  and  the  phrenic  nerves.  Bruhl  in  1891  described  such  cases  as 
‘false  exophthalmic  goitre  ’,  and  in  1897  Pierre  Marie  gave  an  account, 
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under  the  title  of  goitre  Basedowifie,  of  cases  with  dyspnoea  as  the 
most  prominent  symptom,  which  was  more  or  less  continuous  but  had 
severe  exacerbations.  He  considered  it  due  to  pressure  of  the  goitre 
on  the  nerves  in  the  neck.  In  1894  he  had  recommended  surgical 
treatment ;  but  in  1897  he  advocated  thyroid  extract.  J.  R.  Charles 
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Fig.  3.  Goitre  in  a  Cretin 
(After  von  Bruns) 

(1925)  recorded  the  detection  by  X-rays  and  the  removal  of  an  intra- 
thoracic  goitre  followed  by  cure  of  his  own  lifelong  asthma.  W.  A. 
Plummer  (1934)  described  a  peculiar  change  in  the  inspiratory  sound 
in  compression  of  the  trachea.  The  symptoms  may  extend  over  a  long 
period,  even  for  40  (Joll,  1932)  to  60  years  (Higgins,  1927). 

Complications.  Suppuration  is  more  prone  to  supervene  in  a 
nodular  than  in  a  normal  thyroid.  It  may  follow  puncture  and  in¬ 
jection  into  a  cystic  goitre.  Haemorrhage  from  the  delicate  vessels 
may  be  due  to  injury  and  lead  to  sudden  enlargement.  The  eventual 
occurrence  of  thyrotoxicosis  in  the  carriers  of  nodular  goitres  who  live 
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to  the  age  of  60  has  been  estimated  as  3  out  of  5  (H.  S.  Plummer). 
Primary  cancer  of  the  thyroid  arises  from  previous  adenomas  in  at 
least  90  per  cent,  of  the  cases  (Graham,  1924).  Among  6,359  goitres 
at  the  Mayo  Clinic  in  the  years  1910-16  103,  or  P6  per  cent.,  were 
malignant  (Balfour,  1918). 

Balfour,  D.  C.,  Med.  Bee.,  N.Y.,  1918,  xciv.  846;  Bonnet,  Ann.  Soc.  de  med. 
de  Lyon,  1855,  2  s.,  iii.  405;  Beuhl,  L.,  Gaz.  d.  hop.,  Paris,  1891,  lxiv.  683; 
Charles,  J.  R.,  Bristol  Med. -Chir.  Journ.,  1925,  xlii.  84;  Higgins,  C.  C.,  Arch. 
Surg.,  Chicago,  1927,  xv.  895;  Graham,  A.,  Surg.,  Gyn.,  and  Obst.,  Chicago, 
1924,  xxxix.  781 ;  Joll,  C.,  Diseases  of  the  Thyroid,  Lond.,  1932,  p.  247  ;  Lahey, 
F.  H.,  Bull.  N.Y.  Acad.  Med.,  1934,  2  s.,  x.  65;  Marie,  P.,  Bull,  et  mem.  Soc. 
d.  hop.  d.  Paris,  1904,  3  s.,  xi.  132;  idem,  ibid.,  1907,  3  s.,  xiv.  57;  Plummer, 
W .  A.,  Proc.  Staff  Meeting  Mayo  Clinic,  1934,  ix.  411 ;  Rose,  E.,  Arch.  f.  klin. 
Chir.,  Berlin,  1878,  xxii.  1. 

Treatment. 

The  Use  of  Iodine  in  the  Treatment  of  Goitre.  Just  as  curative 
medicine  preceded  preventive  medicine,  so  the  relief  of  goitre  by 
iodine  preparations  antedated  its  prophylactic  use.  Roger  (Rug¬ 
giero  Frugardi)  of  Palermo,  a  prominent  surgeon  of  the  School  of 
Salerno,  in  1170  advocated  burnt  sponge  and  seaweed  for  goitre 
or  scrofula,  and  it  will  be  remembered  that  for  a  long  time  these 
two  causes  of  enlargement  of  the  neck  were  confused.  Pen  Ts’ao, 
the  herbal  of  the  Chinese  pharmacopoeia  (a.d.  1596),  said  to  be 
based  on  the  recommendations  of  the  Emperor  Shen  Nung  who 
flourished  twenty-seven  centuries  b.c.,  recommended  seaweed  for 
goitre  (Morse,  1934).  The  earliest  reference  Harington  has  traced 
is  to  the  writings  of  Arnold  of  Villanova  (1235-1311),  a  doctor  of 
theology,  law,  philosophy,  and  medicine,  who  proposed  as  specific 
a  preparation  containing  among  other  ingredients  burnt  sponge 
and  seaweed,  a  similar  prescription  being  recommended  by  Valescus 
de  Taranta  (1418).  In  1698  Carlo  Musitano  (1635-1714)  used  a 
simpler  prescription  containing  burnt  sponge  as  the  important  con¬ 
stituent  ;  the  first  use  of  burnt  sponge  in  this  country  was  a  secret 
remedy,  the  ‘  Coventry  treatment  ’  for  goitre,  exploited  by  a  medical 
family  in  that  town.  The  story  as  told  in  1779  by  Wilmer,  a  surgeon 
there,  is  that  a  physician  called  Bate  prescribed  for  his  daughter, 
who  was  married  to  a  general  practitioner  of  the  name  of  Keeling 
and  had  a  goitre ;  after  her  cure  the  prescription  was  employed  by 
her  husband  and  his  successors  in  practice ;  it  contained  calcined 
sponge,  and  Wilmer  said  was  probably  the  same  as  that  used  by 
Musitano.  Thomas  Prosser  in  1769  gave  the  prescription  of  a  powder 
containing  calcined  sponge  to  be  taken  twice  daily  for  a  fortnight  at 
a  time,  and  remarked  that  the  tincture  of  sponge  employed  by  William 
Salmon  could  not  be  £of  any  more  service  than  a  bread  poultice’. 
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Prosser  dedicated  his  account  to  William  Hunter  and  described  his 
cure  as  extremely  successful.  Dapeyron  in  Auvergne  is  stated  by 
Wilmer  to  have  treated  goitre  successfully  with  a  powder  composed 
of  calcined  egg-shells. 

In  1812  B.  Courtois,  a  manufacturer  of  saltpetre  in  Paris,  had  pre¬ 
pared,  with  the  help  of  Clement  and  Desormes  the  chemists,  a  violet 
gas  from  the  action  of  sulphuric  acid  on  the  kelp  liquor  used  in 
obtaining  saltpetre,  and  condensed  it  into  crystals.  Other  French 
chemists  worked  on  the  crystals  then  known  as  ‘  X  ’ ;  Ampere  gave 
►Sir  Humphry  Davy  some  of  them,  and  Clement  asked  him  to  analyse 
them;  this  he  did  and  found  that  it  was  not,  as  Clement  believed, 
a  compound  of  hydrogen  and  chlorine,  but  what  he  first  called 
hydroionic  and  later  hydriodic  acid  and  iodine.  These  results  he 
communicated  to  the  Royal  Society  of  London  on  January  20,  1814, 
and  further  ones  on  June  14  of  the  same  year  ;  Gay-Lussac  also  carried 
out  researches  on  iodine,  so  called  from  its  violet  (ioeiSrjs)  gas.  In 
1820  J.  F.  Coindet  of  Geneva  gave  the  tincture  of  iodine  to  150 
goitrous  patients  without  any  untoward  effects,  and  is  usually  re¬ 
garded  as  having  been  the  first  to  do  so ;  but  in  his  Bridgewater 
Treatise  (1834)  William  Prout  (1785-1850)  stated  that,  after  taking 
it  himself  to  see  if  it  was  safe,  he  gave  it  to  a  patient  with  goitre, 
and  recommended  it  to  John  Elliotson  (1791-1868)  who  used  it  in 
1819  at  St.  Thomas’s  Hospital.  Alexander  Manson  (1774-1840)  of 
Nottingham,  after  reading  an  account  of  Coindet \s  treatment,  began 
in  1821  to  employ  iodine  enthusiastically  in  various  diseases  and 
obtained  notable  success  in  goitre.  Inglis  of  Ripon  recommended  in 
1838  a  culinary  salt  containing  one  two -thousandth  part  of  iodine. 
J.  G.  A.  Lugol  (1786-1851),  physician  to  L'Hopital  St.  Louis,  Paris, 
in  1829  brought  out  his  Memoire  sur  Vemploi  de  V iodine  dans  les 
maladies  scrofuleuses,  and  in  1831  received  a  prize  of  six  thousand 
francs  from  the  Institute  of  France  for  his  book  on  behalf  of  the 
tuberculous.  He  employed  an  aqueous  solution  of  iodine,  to  which 
he  later  added  iodide  of  potassium,  instead  of  the  tincture  of  iodine 
which  Coindet  had  advocated  as  a  remedy  to  be  used  with  caution. 
Lugol’s  solution  (Liquor  iodiaquosus,  Brit.  Pharmac.  Codex)  contains 
iodine  50  gm.,  potassium  iodide  75  gm.,  water  100  millilitres.  The  use 
of  iodine  became  widespread  and  toxic  effects  accumulated  ;  as  early 
as  1824  Gairdner  of  London,  who  obtained  good  results  in  goitre, 
wrote :  ‘  I  have  seen  more  than  one  physician  seriously  injured  in  his 
reputation,  and  many  patients  irrecoverably  injured  in  their  health 
by  this  subtle  and  powerful  medicine’;  a  physician  ‘deservedly 
eminent  in  London  had,  he  said,  given  10  grains  to  a  young  woman 
who  most  fortunately  was  saved  by  vomiting.  F.  Rilliet  of  Geneva 
(1814-61 ),  in  a  paper  on  ‘  Constitutional  Iodism  ’  in  1859,  emphasized 
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the  dangers  even  of  small  doses,  and  towards  the  end  of  the  last 
century  it  went  out  of  favour.  Theodor  Kocher  in  1910  described  the 
production  of  goitre  (‘  jod-Basedow’)  by  the  administration  of  iodine 
to  goitrous  patients. 

The  preventive  treatment  of  endemic  goitre  by  iodine  was  carried 
out  on  a  large  scale  in  North  America  by  Marine  and  Kimball,  first 
at  Akron,  Ohio,  in  1916  and  after  with  great  success.  They  gave  small 
doses  of  sodium  iodide  for  two  or  three  weeks  twice  a  year  in  May 
and  December,  2  grammes  of  sodium  iodide  being  the  total  amount 
in  each  course.  The  widespread  use  of  iodized  salt  was  found  to  have 
the  effect  of  increasing  the  incidence  of  goitre  in  Cleveland,  Ohio,  as 
too  much  was  taken  (Hartsock,  1926). 

To  cure  existing  goitre  iodine  should  be  given  cautiously  in 
small  doses  for  diffuse  parenchymatous  goitres  in  young  patients ; 
according  to  E.  Mellanby  (1931)  iodine  fails  in  patients  over  17  years 
of  age  because  the  goitre  contains  too  much  colloid.  There  has  been 
considerable  discussion  about  the  transformation,  caused  by  iodine, 
of  simple  into  toxic  goitres,  since  T.  Kocher’s  article  on  "jod-Basedow’ 
in  1910.  Nellis  Foster  (1930)  cautiously  threw  doubt  on  the  impor¬ 
tance  of  this  sequence  of  events  provided  iodine  is  given  to  selected 
cases  with  due  care.  Kimball  (1925),  from  analysis  of  the  histories  of 
2,659  patients  with  toxic  goitre,  found  that  309,  or  11-6  per  cent., 
had  taken  iodine,  but  of  these  210,  or  66  per  cent.,  had  had  goitre  for 
many  years,  on  an  average  for  18  years,  and  all  were  adenomatous 
goitres.  The  general  conclusion,  therefore,  is  that  adolescent  bearers 
of  a  goitre  may  be  given  iodine  in  small  doses,  but  that  this  treatment 
is  contra-indicated  in  nodular  goitre. 

If  iodine  fails,  a  trial  should  be  given  to  thyroid,  which,  in  some 
instances,  especially  those  with  evidence  of  hypothyroidism,  is  most 
successful,  even  in  nodular  thyroids  (Fraser,  1934).  Care  must 
naturally  be  taken  to  regulate  the  dose  so  as  to  avoid  the  production 
of  hyperthyroidism. 

Operative  Treatment.  When  iodine  and  thyroid  fail  in  diffuse  en¬ 
largement  without  palpable  nodules,  operation  may  be  demanded 
by  pressure  symptoms,  evidence  of  thyrotoxicosis,  unwieldy  size,  or 
for  aesthetic  reasons.  In  nodular  goitre  the  question  of  operation 
must  be  more  critically  considered  as  a  prophylactic  measure  against 
the  development  of  toxic  symptoms  or  of  primary  malignant  disease. 

The  history  of  operative  treatment  has  been  given  in  the  scholarly 
monograph  (1920)  of  W.  S.  Halsted  (1852-1922),  a  modern  master 
in  the  art  of  thyroidectomy.  Celsus  (25  b.c.-a.d.  50),  a  patrician,  was 
unlikely  to  have  operated,  but  in  writing  on  caustics  in  the  treatment 
of  goitre  remarked  c  sed  scalpelli  curatio  brevior  est  ’.  It  is  also  doubt¬ 
ful  if  Galen  (a.d.  131-201)  ever  operated  on  goitre.  Albucasis  (1013- 
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1106)  is  said  to  have  been  the  first  serious  operator.  P.  J.  Desault 
(1744-95)  in  1791  dissected  an  adherent  thyroid  from  the  trachea. 
In  1821  Hedenus  (1760-1836)  published  6  cases  of  excision  of  a  goitre 
for  impending  suffocation  without  a  death.  The  first  thyroidectomy 
has  been  credited  to  J.  H.  Green  (1791-1863)  of  St.  Thomas’s  Hospital 
in  1829,  the  patient  succumbing  fifteen  days  later  from  sepsis.  L.  Porta 
(1800-75)  initiated  the  enucleation  of  adenomas  in  1849;  in  1850 
the  Paris  Academie  de  Medecine  discouraged  the  performance  of 
operations  on  the  thyroid,  just  as  in  the  seventeenth  century  transfu¬ 
sion  was  forbidden  in  France  by  the  Supreme  Court.  The  first  total 
thyroidectomy  appears  to  have  been  performed  in  1867  by  Paul  Sick, 
who  was  thus  also  the  first  to  induce  cachexia  strumipriva,  a  condition 
afterwards  described  by  J.  L.  Reverdin  in  1882  (vide  p.  177). 

Ligature  of  the  superior  thyroid  arteries  was  performed  before  1811 
by  William  Blizard  (1743-1835),  death  following  from  hospital  gan¬ 
grene  and  ulceration  of  the  carotid  artery,  and  successfully  by  Coates 
in  1819.  The  same  procedure  was  carried  out  by  Henry  Earle  (1789- 
1823)  in  1823  and  by  Aston  Key  (1793-1849)  in  1826,  on  cases  which 
Halsted  regarded  as  probably  Graves’s  disease. 

Timothy  Holmes  (1825-1907),  a  literary  surgeon  of  the  Victorian 
era  and  an  examiner  long  remembered  by  the  mnemonic  ‘Timothy 
doth  vex  all  very  nervous  pupils  for  the  order  of  structures  near  the 
ankle,  in  1872  removed  a  pendulous  goitre  which  had  suppurated  and, 
weighing  71b.,  hung  down  below  the  waist.  Of  40  years’  duration 
it  had  burst  on  the  patient  s  65th  birthday  and  discharged  two  pailfuls 
of  glairy  blood-streaked  contents.  P.  H.  Watson  (1832-1908)  of  Edin¬ 
burgh  was  a  pioneer  of  thyroidectomy  for  goitre  and  published  cases  in 
1874.  Before  1877  it  was  seldom  performed ;  but  then  as  the  result  of 
the  example  set  by  Billroth  (1829-96)  in  Vienna  and  Kocher  in  Berne 
it  became  much  commoner. 

Tetany  from  concomitant  removal  of  the  then  unrecognized  para¬ 
thyroids  was  reported  in  1880  by  Weiss  and  by  Wolfler  in  1882,  who 
recorded  8  cases  from  Billroth  s  Clinic  in  Vienna,  where  it  was  com¬ 
moner  than  in  Kocher  s  Clinic  at  Berne,  a  difference  which  Halsted 
was  inclined  to  explain  by  the  methods  of  technique  followed.  In 
1883  T.  Kocher  published  his  famous  paper  on  the  ill  effects  of  what 
he  called  total  strumectomy. 

Post-operative  auricular  fibrillation,  which  was  found  to  occur  in 
a  few  patients  who  had  a  normal  rhythm  before  operation,  has  been 
ascribed  mainly  to  their  age,  but  also  perhaps  to  previous  periods 

of  unrecognized  low-grade  hyperthyroidism  (Ernstene  and  Mulvev 
1934). 

Treatment  by  X-ray  exposures  has  not  any  effect  on  ordinary 
goitre.  Allan  Burns  (1781-1813)  in  1811  stated  that  ‘repeated  topical 
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detraction  of  blood  from  the  tumour  is  highly  beneficial’  and  that 
‘electricity  also  has  sometimes  a  marked  effect  Cure  of  an  ordinary 
soft  goitre  by  the  application  of  the  constant  current  was  claimed  by 
Weinbaum  (1888). 

Blizard,  W.,  quoted  by  A.  Bums;  Burns,  A.,  Observations  on  the  Surgical 
Anatomy  of  the  Head  and  Neck,  Edin.,  1812,  pp.  202,  204 ;  Celsus,  De  Medicind, 
lib.  vii,  cap.  13  ;  Coindet,  J.  F.,  Ann.  de  chim.  etphys.,  Paris*  1820,  xv.  49  ;  Idem, 
Decouverte  d’un  remede  contre  he  goitre,  Bibliographie  universelle  de  Geneve,  1820 ; 
Coates,  H.,  Med.-Chir.  Trans.,  Lond.,  1819,  x.  312;  Courtois,  Clement,  et 
Desormes,  Ann.  chim.,  Paris,  lxxxviii.  304;  Davy,  H.,  Phil.  Trans.,  Bond., 
1814,  civ.  74,  487 ;  Desault,  P.  J.,  Reported  by  Giraud,  Journ.  de  chir.,  Paris, 
1792,  iii.  3;  Earle,  H.,  Lond.  Med.  andPhys.  Journ.,  1826,  lvi.  201;  Ernstene, 
A.  C.,  and  Mulvey,  B.  E.,  Am.  Journ.  Med.  Sc.,  Phila.,  1934,  clxxxviii.  382; 
Foster,  1ST.  B.,  Diseases  of  the  Thyroid  Gland,  Lond.,  1930,  p.  37  ;  Fraser,  F.  R., 
St.  Barth.  Hosp.  Pep.,  Lond.,  1934,  lxvii.  149;  Gairdner,  W.,  Essay  on  the 
Effects  of  Iodine  on  the  Human  Constitution,  Lond.,  1824;  Green,  J.  H., 
Lancet,  1828—9,  ii.  351 ;  Halsted,  W.  S.,  Johns  Hopkins  Hosp.  Rep.,  Baltimore, 
192Q,  xix.  71-257;  Hartsock,  C.  L.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1926, 
lxxxvi.  1334;  Hedenus,  A.  G.,  Tractatus  de  Glanclula  thyreoidea,  Lipsiae, 
1822;  Holmes,  T.,  Am.  Journ.  Med.  Sc.,  Phila.,  1873,  lxv.  17;  Inglis,  J., 
Treatise  on  English  Bronchocele  with  a  few  Remarks  on  the  Use  of  Iodine,  Lond., 
1838;  Key,  A.,  Lancet,  1824,  ii.  358;  Kimball,  O.  P.,  Journ.  Am.  Med.  Assoc., 
Chicago,  1925,  lxxxv.  1709;  Kocher,  T.,  Arch.  f.  klin.  Chir.,  Berlin,  1883, 
xxix.  254;  idem,  ibid.,  1910,  xc.  1166;  Lugol,  J.  G.  A.,  Memoire  sur  Vemploi 
de  V iodine  dans  les  maladies  scr of uleuse,  1829;  Manson,  A.,  Medical  Researches 
on  the  Effects  of  Iodine  in  Bronchocele,  Paralysis,  Chorea,  Scrofula,  <bc.,  Lond., 
1825;  Marine,  D.,  and  Kimball,  O.  P.,  Journ.  Lab.  and  Clin.  Med.,  1917,  iii. 
40;  Mellanby,  E.,  Brit.  Med.  Journ.,  1931,  i,  Suppl.,  p.  85;  Morse,  W.  R., 
Chinese  Medicine,  N.Y.,  1934,  p.  102;  Musitano,  C.  M.,  Chirurgia  theoretico- 
practica,  Koln,  1698;  Porta,  L.,  Cura  chirurgica,  Milano,  1849,  p.  126; 
Prosser,  T.,  An  Account  and  Method  of  Cure  of  the  Bronchocele  or  Derby 
Neck,  Lond.,  1769;  Prout,  W.,  Chemistry,  Meteorology,  and  the  Function  of 
Digestion  considered  with  reference  to  Natural  Theology,  Lond.,  1834,  p.  100; 
Rilliet,  F.,  Bull.  Acad,  de  med.,  Paris,  1859,  xxv.  382;  Sick,  P.,  Med.  Cor.- 
Bl.  d.  wurttemb.  arztl.  Ver.,  Stuttg.,  1867,  xxxvii.  199;  Watson,  P.  H.,  Edin. 
Med.  Journ.,  1874,  xix.  252;  Weinbaum,  Lyon  med.,  1888,  lviii.  61 ;  Weiss,  H., 
Samml.  klin.  Vortr.,  Leipz.,  1880,  inn.  Med.,  No.  63,  1696;  Wilmer,  B.,  Cases 
and  Remarks  in  Surgery  with  an  Appendix  containing  the  Method  of  curing  the 
Bronchocele  in  Coventry,  Lond.,  1779;  Wolfler,  A.,  Wien.  med.  Wchnschr., 
1882,  xxxii.  5. 
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Toxic  Goitre  (Exophthalmic  Goitre) 

Synonyms  and  Eponyms.  Few  diseases  can  have  had  more 
synonyms  and  none  more  eponyms.  Dock  (1908)  and  Howard  (1922) 
collected  more  than  twenty. 

Synonyms :  The  early  names  were  symptomatic  descriptions,  such 
as  the  heading  of  Parry’s  article  ‘Enlargement  of  the  Thyroid  Gland 
in  connexion  with  Enlargement  or  Palpitation  of  the  Heart  ’ ;  Graves 
in  1835  wrote  on  'Palpitation  of  the  Heart  and  enlarged  Thyroid 
Gland  ’ ;  R.  L.Macdonnell  (1845)  published  ‘  Observations  on  a  peculiar 
form  of  disease  of  the  Heart  attended  by  Enlargement  of  the  Thyroid 
Gland  and  Eyeballs’;  James  Begbie  (1798-1869)  headed  his  article 
in  1849,  On  Anaemia  and  its  Consequences,  Enlargement  of  the 
Thyroid  Gland  and  Eyeballs  ;  Anaemia  and  Goitre,  are  they  related?  ’ ; 
W.  Stokes  in  1854,  ‘Increased  Action  of  the  Heart  and  of  the  Arteries 
of  the  Neck,  followed  by  Enlargement  of  the  Thyroid  Gland  and 
Eyeballs’ ;  Bellingham  in  1857  wrote  under  almost  the  same  title. 

The  first  compact  names  were  those  employed  in  1840  by  Basedow 
and  by  A.  T.  Brueck  (1798-1885),  both  of  Merseburg;  the  first  called 
it  Glotzaugen  cachexie’  or  exophthalmic  cachexia,  which  was  em¬ 
ployed  by  Charcot  in  1859.  Brueck’s  name  of  ‘buphthalmus  hys¬ 
tericus  ,  if  ever  used,  was  soon  forgotten.  After  the  emphasis  laid 
by  J ames  Begbie  on  the  aetiological  importance  of  anaemia  the  term 
‘  anaemic  ophthalmia  ’  had  a  vogue  and  was  adopted  by  the  ophthal¬ 
mologists  William  Mackenzie  (1791-1868),  R.  Taylor  who  called  it 
'anaemic  protrusion  of  the  eyeball’  (1856),  and  Prael  (1857). 

The  pulsation  in  the  neck  was  responsible  for  the  titles  ‘struma 
aneurysmatica ’  (Paul,  1856),  ‘pulsating  bronchocele’  (Bullar,  1861), 
and  'vascular  bronchocele  and  exophthalmos  ’  in  1867  by  R.  Virchow 
(1821-1902),  who  also  spoke  of  it  as  ‘struma  exophthalmica’.  On 
account  of  the  cardiac  symptoms  H.  Lebert  (1813-78)  in  1862  used  the 
term  '  tachycardia  strumosa  exophthalmica  ’,  which  included  the  con¬ 
stituents  of  Basedow's  triad.  In  the  first  edition  of  The  N omenclature 
of  Diseases  (1869),  brought  out  by  the  Royal  College  of  Physicians  of 
London,  it  appears  as  ‘  exophthalmic  bronchocele  ’,  and  in  the  attached 
short  description  anaemia  was  included  as  a  characteristic  feature ; 
'pulsating  bronchocele’  was  separately  entered.  Gaulthier  (1888) 
proposed  the  title  ‘thyroid  cachexia’,  believing  that  the  gland  was 
predominantly  haemopoietic,  a  term  which,  probably  because  it  was 
too  much  like  cachexia  strumipriva  or  post-operative  myxoedema, 
never  came  into  vogue. 

It  has  been  urged  by  Harington  (1933)  that  the  common  name 
exophthalmic  goitre  ’  should  not  be  employed,  as  it  assumes  that  the 
disease  is  primarily  due  to  the  thyroid,  steadily  becoming  a  more 
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doubtful  proposition,  and  that  a  less  committal  name,  such  as  Graves  s 
disease’,  is  preferable.  The  term  ‘ hyperthyroidism’,  apparently 
first  used  in  print  by  C.  H.  Mayo  in  1907,  has  been  employed  to  in¬ 
clude  the  two  conditions  of  (1)  primary  exophthalmic  goitre,  and 
(2)  the  more  recently  recognized  secondary  exophthalmic  goitre, 
toxic  adenoma,  or  adenomatous  goitre  with  hyperthyroidism,  which 
H.  S.  Plummer  and  Boothby  {vide  p.  225)  regarded  as  distinct  from 
primary  exophthalmic  goitre,  whereas  others,  such  as  Dunhill  (1924) 
and  Fraser  (1931)  consider  them  both  to  be  phases  in  the  same  toxic 
condition  which  has  recently  been  described  as  ‘  toxic  goitre  or 
‘thyrotoxicosis’;  H.  S.  Plummer  (1913)  spoke  of  ' toxic-goiter’  heart. 
The  term  ‘toxic  diffuse  goitre’  has  been  chosen  by  tne  American 
Society  for  the  Study  of  Goitre  to  describe  primary  exophthalmic 
goitre  as  distinct  from  toxic  adenoma.  In  what  follows  the  term 
toxic  goitre  will  be  used  both  for  primary  exophthalmic  goitre,  or 
‘toxic  diffuse  goitre’  and  for  ‘toxic  adenoma’,  the  form  with  an 
adenomatous  thyroid,  and  in  many  places  ‘exophthalmic  goitre  is 

used  alternatively  for  'toxic  goitre’. 

E pony  ms .  The  number  of  names  of  clinicians  attached  at  one  time 
or  another  to  the  disease  naturally  raises  once  more  the  question 
whether  he  who  first  observes  and  records  a  case  or  he  who  first  gives 
a  full  description  of  the  disease  should  most  appropriately  have  the 
eponymic  honour.  For  the  first  reason  the  name  of  ‘  the  distinguished 
old  Bath  physician’,  C.  H.  Parry,  should  be  associated  with  the 
disease,  as  Osier  felt  by  calling  it  ‘  Parry's  disease  ’  in  1898  ;  but  in  the 
interval  of  39  years  between  Parry’s  actual  observation  of  a  case  and 
his  best-known  publication  on  the  subject  others  recorded  cases, 
so  his  title  of  priority  is  open  to  discussion.  As  Flajani  (1741-1808) 
wrote  on  the  subject  in  1802,  the  name  ‘Morbo  di  Flajani  has  been 
employed  by  his  countrymen  (Pensuti,  1887,  and  Grasso,  1891).  In 
Germany  and  elsewhere  'Basedow’s  disease  has  been  much  used, 
G.  Hirsch  in  1858  called  it  ‘cardiogmus  strumosus  (morbus  Base- 
dowii’).  In  1860  Trousseau,  who  previously  called  it  exophthalmic 
goitre,  showed  his  great  regard  for  the  Irish  physician  by  bringing  in 
the  title  ‘Graves’s disease’.  H.  Gueneau de Mussy  (1814-92),  F.R.C.P. 
(1859),  who  was  physician  to  Louis  Philippe  in  England,  used  the 
hyphenated  eponym  ‘maladie  Parry-Graves’.  W.  Stokes  s  account 
in  1854,  when  more  material  had  accumulated,  was  naturally  so  much 
fuller  than  that  of  Graves  in  1835  that  his  name  has  been  sug¬ 
gested  for  the  eponymic  honour.  In  this  connexion  it  is  interesting 
to  recall  the  following  obiter  dictum  of  Warburton  Begbie  (1826-76) 
in  1868:  ‘Were  it  not  that  I  entirely  agree  with  the  late  Dr.  Todd  of 
London  in  regarding  it  as  no  compliment  to  the  great  men  of  our 
profession  to  attach  them  to  any  of  the  numerous  ills  which  flesh  is 
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heir  to,  I  should  feel  inclined  to  suggest  the  appellation  of  “  Stokes’s 
disease  ’ ;  sucli  too  is  a  sufficient  reason  for  not  encouraging  the  use 
of  that  name  which  my  filial  respect  had  otherwise  most  cordially 
approved,  to  wit ' '  Begbie's  disease  ”,  as  already  proposed  by  more  than 
one  writer.’  The  eponym  ‘Marsh’s  disease’,  never  used  now,  arose 
from  Henry  Marsh’s  paper  in  1841  (vide  p.  215).  The  title  £  Parson’s  ’ 
(or  in  some  instances  "Parsons’  )  "disease’  is  given  in  four  American 
dictionaries  (Gould’s,  Dorland’s,  Stedman’s,  Cattell’s)  and  ascribed 
to  James  Parsons  (1705—70)  who  lived  long  before  Parry  and  others 
concerned  with  the  recognition  of  the  disease.  After  a  classical 
education  in  Dublin  Parsons  studied  medicine  in  Paris,  received  the 
doctorate  at  Rheims  on  June  11,  1736,  began  practice  in  London  in 
the  following  year,  became  a  licentiate  of  the  Royal  College  of  Physi¬ 
cians  of  London  on  April  1,  1751,  and  in  November  of  that  year 
foreign  secretary  of  the  Royal  Society,  to  the  Philosophical  Transac¬ 
tions  of  which  he  contributed  thirty- one  papers,  but  none  of  their 
titles  suggests  thyroid  disease.  As  there  are  three  other  eponyms 
of  Irish  origin — Graves,  Stokes,  and  Marsh — it  seemed  conceivable 
that  there  might  be  some  Dublin  physician  of  the  same  name  speci¬ 
ally  interested  in  this  disease ;  but  Dr.  T.  Percy  C.  Kirkpatrick,  the 

historian  of  Irish  medicine,  kindly  informed  me  that  there  was  no 
such  person. 

Begbie,  J.,  Monthly  Journ.  Med.  Sc.,  Lond.,  1849,  ix.  495;  Begbie,  W.,  Edin. 
Med.  Journ.,  1867-8,  xiii.  892;  Bulbar,  J.,  Med.-Chir.  Trans.,  1861,  xliv.  37; 
Charcot,  J.  M.,  Gaz.  hebd.  de  med.,  Paris,  1859,  vi.  216;  Dunhill,  T.  P.,  Brit 
Journ.  Surg.,  Bristol,  1929-30,  xvii.  424;  Fraser,  F.  R.,  Brit.  Med.  Journ', 
1931,  ii.  739;  Gauthier,  G.,  Lyon  med.,  1888,  lviii.  119;  Hirsch,  G.,  Klin. 
Fragmente,  Konigsberg,  1858,  ii.  224;  Howard,  C.  P.,  Endocrinology  and 
Metabolism  (L.  F.  Barker),  1922,  i.  304;  Lebert,  H.,  Die  Krankheiten  der 
Schilddruse,  1862,  p.  307 ;  Mayo,  C.  H.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1907, 
xlvm.  273 ;  Osler,  W.,  Principles  and  Practice  of  Medicine,  N.Y.,  1898,  p.  836  ; 
Paul,  J.,  Ztschr.  d.  deutsch.  Chir.-Ver.,  Magdeb.,  1856,  viii.  1;  Pensuti,  V.’ 
Pin.  din.,  Bologna,  1887,  3  s.,  vii.  132;  Plummer,  H.  S.,  Journ.  Am.  Med. 
Assoc..  Chicago,  1913,  lxi.  650;  Prael,  F.,  Arch.  f.  Ophthalmol.,  Berlin,  1857, 
m.  199;  Taylor,  R .,  Med.  Times  and  Gaz.,  Lond.,  1856,  xxxiii.  515 ;  Trousseau, 
A.,  Gaz.  des  hop..  Pans,  1860,  xxxiii.  553;  Virchow,  R.,  Die  krankhaften 
Geschwulste,  Berlin,  1867,  in.  73. 

History.  Sayyid  Ismail  Al-Jurjani  (ob.  a.d.  1136)  in  the  greatest 
system  of  medicine  written  in  Persian,  the  £  Treasury  of  the  King  of 
Khwarazm’  (vi.  6),  connected  exophthalmos  with  goitre  (Elgood, 
1934).  Otherwise  the  recognition  of  exophthalmic  goitre  dates  from 
the  first  half  of  the  nineteenth  century,  the  history  of  which  was  written 
in  1882  by  Wickham  Legg  (1843-1921 ),  a  most  scrupulous  follower  of 
the  advice  "always  verify  your  references’  given  in  1847  by  Martin 
Kouth  (1755-1854),  President  of  Magdalen  College,  Oxford.  Rendu 
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(1844-1902)  in  1883,  and  George  Dock  in  1908  have  also  given  his¬ 
torical  accounts  of  the  disease.  The  clinical  appearances  are  so 
striking  that  it  might  naturally  be  thought  surprising  that  it  was 
not  earlier  differentiated  from  ordinary  goitre,  which,  being  so 
obtrusive,  had  been  recognized  at  least  as  far  back  as  the  Christian 
era  (vide  p.  193).  But  it  may  well  have  been  just  because  goitre  was 
so  familiar  that  the  symptoms  of  hyperthyroidism  were  regarded  as 
its  more  or  less  accidental  complications.  Attempts  made  to  read 
references  to  cases  into  the  works  of  Richard  Wiseman  (?1628-76), 
Morgagni  (1682-1771),  and  others  are  not  convincing.  Saint- Yves 
(1667-1733)  in  his  Traite  des  maladies  des  yeux  (1722)  mentioned 
three  cases  of  exophthalmos,  but  none  of  them  can  be  identified  as 
examples  of  exophthalmic  goitre  unless  one  described  as  ‘  scrofulous  ’ 
meant  a  goitre. 

Giuseppe  Elajani  of  Ascoli  (1741-1808)  recorded  in  1802  two  cases 
of  exophthalmos  and  goitre,  but  he  did  not  associate  together  goitre, 
exophthalmos,  and  palpitation  as  one  disease,  and  the  account  did 
not  at  the  time  attract  any  attention ;  neither  did  Antonio  Testa’s 
(1756-1814)  reference  in  1800  to  the  coincidence  of  prominent  eyes 
and  cardiac  disorder. 

Testa  was  professor  of  medicine  and  surgery  at  Ferrara  and  also 
professor  of  medicine  at  Bologna.  He  was  much  devoted  to  the  works 
of  the  medical  fathers  and  thus  in  his  own  writings  was  prone  to 
digressions  which  were  more  curious  than  useful.  He  was  said  to  be 
a  learned  theorist,  but  a  mediocre  clinician. 

Fischer  of  Paris  in  1859  advocated  the  claims  of  A.  P.  Demours 
(1762-1836)  as  the  first  in  1821  to  recognize  the  disease  and  to  pre¬ 
scribe  its  ‘  rational’  treatment,  namely  quinine  internally,  tonic  in¬ 
halations,  exercise,  and  a  seton  in  the  neck.  Basedow  referred  to  a 
case  described  in  1821  by  Antonio  Scarpa  (1748-1832)  which  I  have 
failed  to  trace. 

Caleb  Hillier  Parry  (1755-1822)  observed  a  case  in  August  1786, 
but  his  description  of  8  cases  of  1  Enlargement  of  the  Thyroid  Gland 
in  connexion  with  Enlargement  or  Palpitation  of  the  Heart  was  not 
published  until  1825,  three  years  after  his  death  ;  in  it  he  wrote:  ‘my 
attendance  on  the  three  last  patients  having  occurred  at  the  same 
time  (1813)  first  suggested  to  me  the  notion  of  some  connexion 
between  the  malady  of  the  heart  and  the  bronchocele 5 ;  so  that  this 
association  was  reached  twenty-seven  years  after  his  first  case.  In 
his  Elements  of  Pathology  and  Therapeutics  (1815)  he  also  mentioned 
‘  the  frequent  coincidence,  whether  as  cause  or  effect,  between  en¬ 
largement  of  the  thyroid  and  cardiac  disease  .  Two  of  his  cases  (Xos. 
3  and  8),  in  which  the  thyroid  had  been  previously  enlarged  for  a 
long  time,  would  now  be  called  secondary  exophthalmic  goitre  or 
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toxic  adenoma.  Parry  mentioned  protrusion  of  the  eyes  in  his  first 
case,  but  did  not  elsewhere  insist  on  this  sign.  In  a  long  notice  of 
Parry’s  Elements  of  Pathology  and  Therapeutics,  extending  through 
three  issues  of  the  Medico -Chirurgical  Journal  and  Review,  conducted 
by  William  Shearman,  James  Johnson,  and  S.  Palmer,  ‘one  of  the 
editors  referred  to  two  patients  under  his  care  with  enlargement  of 
the  heart  and  thyroid,  both  considerable,  but  did  not  mention 
exophthalmos. 

Caleb  Hillier  Parry  (Ap-Harry)  came  of  a  Welsh  and  prolific  stock, 
being  one  of  ten  and  the  father  of  nine.  He  was  born  on  October  21, 
1755,  at  Cirencester  in  Gloucestershire  as  the  eldest  child  of  Joshua 
Parry  (1719-76),  a  Nonconformist  minister  who  was  described  by  his 
grandson  as  ‘distinguished  alike  for  his  knowledge  and  talents  in  an 
Augustan  age  of  literature’.  Caleb  Hillier  met  his  lifelong  friend 
Edward  Jenner  (1749-1823)  when  at  school  at  Cirencester,  before  he 
went  to  Aikin’s  well-known  Dissenters’  Academy  at  Warrington.  In 
1773  he  became  a  medical  student  at  Edinburgh  and,  like  so  many  men 
subsequently  eminent  in  medicine,  was  president  of  the  (students’) 
Edinburgh  Medical  Society,  for  which  he  was  instrumental  in  obtaining 
a  Royal  Charter.  After  marriage  in  October  1778  and  a  tour  abroad 
lasting  about  a  year,  he  settled  down  to  practise  at  Bath  in  November 
1779  and  seldom  left  it  for  more  than  a  day  during  the  rest  of  his  life.  He 
became  busy  in  practice  comparatively  soon,  but  was,  together  with 
Jenner,  an  active  member  of  the  small  Gloucestershire  Medical  Society 
which  met  in  the  parlour  of  the  Fleece  Inn,  Rodborough,  and  in  July 
1788  brought  before  the  Fleece  Medical  Society,  as  it  was  called,  a 
paper  entitled  ‘An  Inquiry  into  the  Symptoms  and  Causes  of  the 
Syncope  anginosa,  commonly  called  Angina  Pectoris:  illustrated  by 
Dissections’;  in  this  paper,  which  was  not  published  until  1799,  the 
coronary  origin  of  the  disease  was  definitely  stated;  Jenner,  who  was 
present,  had  come  to  the  same  conclusion,  but  had  not  broadcast  it  out 
of  consideration  for  J ohn  Hunter,  whose  symptoms  he  had  correctly 
diagnosed  as  those  described  by  William  Heberden  the  elder  (1710- 
1801)  in  1768.  Parry’s  delay  in  publishing  his  observations,  also  shown 
in  connexion  with  exophthalmic  goitre,  is  a  noteworthy  example  of 
indifference  to  priority.  He  carried  out  work  involving  vivisection, 
the  results  of  which,  ‘An  experimental  Inquiry  into  the  Nature,  Causes, 
and  Varieties  of  the  arterial  Pulse  and  into  certain  other  Properties 
of  the  larger  Arteries  in  Animals  with  warm  Blood’,  appeared  in  1816, 
the  year  he  was  stricken  down  with  hemiplegia  and  aphasia.  He  was 
a  naturalist  as  well  as  a  physician,  collected  fossils,  and  advocated 
the  introduction  of  merino  sheep  into  this  country.  He  was  elected  a 
fellow  of  the  Royal  Society  in  1800.  In  the  article  on  exophthalmic 
goitre  in  Russell  Reynolds’s  System  of  Medicine  (1879,  v.  364)  a 
misprint  was  responsible  for  ‘Percy’  instead  of  ‘Parry’. 

He  died  on  March  9,  1822,  and  was  buried  in  the  Abbey  Church, 
Bath.  He  left  a  large  number  of  notes,  many  of  which  were  published 
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in  1825  by  his  son  Charles  H.  Parry,  M.D.,F.R.S.,  in  Collections  from 
the  unpublished  Medical  Writings  of  the  late  Caleb  Hillier  Parry  (3  vols.). 

Annals  of  Medical  History,  N.Y.,  1925,  vii.  205-15. 

A  possible  early  case  is  that  quoted  by  Lieutaud  (1703-80):  a  girl 
after  a  fright  due  to  thunder  developed  a  goitre  and  became  amenor- 
rhoeic.  An  anonymous  writer  in  the  Medico -Chirurgical  Journal  and 
Review  (1816,  i.  179)  described  a  case,  and  the  following  early  descrip¬ 
tions  may  be  mentioned :  a  case,  quoted  by  Stokes,  in  the  New  England 
Medical  Journal  of  October  1820,  Demours’s  case  mentioned  above, 
and  the  two  with  necropsies  recorded  by  Adelmann  (1777-1866)  in 
1828.  In  the  course  of  the  clinical  lecture  in  1860  in  which  he  pro¬ 
posed  the  eponym  ‘  Graves’s  disease  ’  Trousseau  referred  to  a  patient 
seen  in  1833  with  what  he  retrospectively  recognized  as  of  this  nature. 

In  1835  R.  J.  Graves  (1796-1853)  published  a  short  article  on 
‘palpitation  of  the  heart  with  enlargement  of  the  thyroid  gland  in 
three  cases,  exophthalmos  being  mentioned  in  one  of  them  ;  this  was 
the  substance  of  a  clinical  lecture  in  the  session  1834-5  at  the  Meath 
Hospital,  Dublin,  where  he  and  Stokes,  who  was  present  at  the  lecture, 
were  colleagues.  There  is  a  curious  feature  about  its  appearance  in 
the  London  Medical  and  Surgical  Journal  (1835,  vii.  516)  which  was 
published  by  Renshaw  in  the  Strand  and  edited  for  the  first  five 
volumes  by  Michael  Ryan  (1800-41);  after  this  ‘a  separation’,  as 
Wickham  Legg  expressed  it,  took  place  between  the  publisher  and 
the  editor,  who  both  continued  to  bring  out  different  series  of  a  journal 
with  the  same  name.  Graves’s  paper  appeared  in  the  series  brought 
out  by  Renshaw,  so  that  those  who  try  to  find  it  in  Ryan’s  series  meet 
with  disappointment. 

It  seems  possible  that  Aetius  (a.d.  500)  and  Ambroise  Pare  (1561) 
erroneously  regarded  cases  of  exophthalmic  goitre  as  examples  of 
aneurysm,  and  that  William  Heberden  the  elder  (1710-1801)  had 
seen  cases,  for  the  short  chapter  on  ‘  Aneurysma’  in  his  posthumously 
published  Commentaries  (1802)  contains  the  sentence :  ‘many  tumours 
of  the  neck,  apparently  of  this  sort,  from  having  a  strong  pulsation 
in  them,  have  after  several  years  spontaneously  decreased  till  at  last 
they  have  almost  disappeared ;  ’  but  the  chapter  on  ‘  Bronchocele  ’ 
does  not  refer  to  them. 

Robert  James  Graves  was  the  third  son  of  Richard  Graves,  professor 
of  divinity  in  the  University  of  Dublin,  a  descendant  of  a  Colonel 
Graves,  one  of  Cromwell’s  cavalry  officers  who  in  1647  volunteered  for 
service  in  Ireland,  acquired  an  estate  in  Limerick,  and  may  have 
served  with  Thomas  Sydenham,  captain  of  horse.  Like  William  Stokes 
(1804-78),  his  junior  colleague  at  the  Meath  Hospital,  he  came  of  a 
family  distinguished  in  letters,  his  father, elder  brother  Richard  Hastings, 
and  a  cousin  John  Thomas  Graves  being  also  noticed  in  the  Dictionary 
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of  National  Biography .  After  a  brilliant  classical  career  as  a  student 
he  ‘entered  on  the  physic  line  ’  and,  like  his  Dublin  colleagues  Abraham 
Colies,  Corrigan,  and  Stokes,  studied  in  Edinburgh,  but  unlike  them 
did  not  take  the  degree  there,  proceeding  M.B.  at  Dublin  in  1818.  His 
subsequent  grand  tour  for  three  years  was  far  from  being  devoid  of 
incident  and  adventure ;  when  in  Austria  he  was  arrested  and  im¬ 
prisoned  for  ten  days  as  a  German  spy,  the  authorities  insisting  that 
no  Englishman  could  possibly  speak  the  language  so  fluently ;  in 
Switzerland  he  happened  to  meet  J.  M.  W.  Turner  (1775-1851),  and 
having  artistic  tastes  in  common  they  travelled  together  for  some 
months  without  either  ever  inquiring  the  other’s  name ;  when  they 
were  sailing  from  Genoa  to  Sicily  a  storm  arose  and  the  crew  were 
about  to  abandon  the  ship  when  Graves,  seizing  an  axe,  stove  in  the 
only  boat,  took  command  and,  repairing  the  pumps  with  the  leather 
of  his  boots,  saved  the  ship.  Returning  to  Dublin  in  1821  he  was 
appointed  physician  to  the  Meath  Hospital  in  July  of  that  year  and 
with  Stokes  organized  medical  education  ;  they  introduced  continental 
methods  and  bedside  teaching  and  encouraged  students  to  take  notes 
and  examine  the  patients  in  the  way  now  long  done  by  clinical  clerks. 
Before  this  time  students  had  to  depend  on  information  given  in  Latin, 
or  as  Graves  said  ‘  I  have  called  the  language  Latin  in  compliance  with 
the  generally  received  opinion  of  its  nature’.  This,  like  many  reforms, 
met  with  opposition  and  even  ridicule.  Trousseau  welcomed  Graves’s 
‘Clinical  Lectures  on  the  Practice  of  Medicine  ’  (1843)  with  the  warmest 
enthusiasm  and  acknowledgement.  Graves’s  vigorous  condemnation  of 
the  current  lowering  treatment  of  fevers  was  expressed  in  his  suggestion 
for  his  epitaph  in  the  three  words  ‘he  fed  fevers’.  He  was  elected  a 
fellow  of  the  Royal  Society  in  1849.  Handsome,  highly  cultured,  with 
the  charm  and  conversational  brilliancy  of  his  countrymen,  he  had  a 
kind  heart  though  somewhat  hidden  by  a  sarcastic  tone.  He  died  after 
a  long  illness,  apparently  of  congestive  heart  failure.  His  pupil  and 
follower  R.  B.  Todd  (1809-60),  M.D.,  F.R.S.,  also  a  physiological 
physician,  one  of  the  founders  and  one  of  the  two  physicians  to  King’s 
College  Hospital,  advocated  and  practised  the  steady  administration 
of  alcoholic  stimulants  at  short  intervals  to  serious  cases  of  fever,  such 
as  acute  rheumatism  and  influenza. 

In  1837  Pauli  of  Heidelberg  reported  a  case.  More  general  atten¬ 
tion  was  drawn  to  the  disease  in  1840  by  Carl  Adolph  von  Basedow 
of  Merseburg  (1799-1854)  in  an  article  entitled  ‘Exophthalmos  durch 
Hypertrophie  des  Zellgewebes  in  der  Augenhdhle’.  His  account  of 
4  patients  (3  females,  1  male)  with  exophthalmos,  goitre,  and  palpita¬ 
tion  gave  rise  to  the  phrase  ‘the  Merseburg  triad’.  Further  he 
mentioned  emaciation,  amenorrhoea,  excessive  perspiration,  diar¬ 
rhoea,  nervous  restlessness,  and  air-hunger.  He  also  noticed  a  brawny 
non-oedematous  swelling  of  the  legs ;  this  would  appear  to  be  the 
condition  seen  in  cases  with  some  symptoms  of  myxoedema  {vide, 
p.  246).  The  patients  were  given  Adelheidsquelle  water  of  Heilbrunn 
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in  the  Bavarian  mountains,  which  contained  iodide  and  bromide  of 
sodium.  In  1848  he  described  the  necropsy  of  his  male  patient, 
spoke  of  the  resemblance  of  the  disease  to  chlorosis,  and  of  the 
benefit  derived  from  iodine  and  iron.  He  ascribed  the  exophthalmos 
to  increase  of  the  connective  tissue  in  the  orbits,  which  he  associated 
with  a  masked  scrofulous  dyscrasia,  and  not  to  dropsy  of  the  eyeballs. 
In  1889  Wilks  spoke  of  Basedow’s  description  as  so  complete  that 
little  had  since  been  added  to  it. 

Carl  Adolph  von  Basedow  was  born  at  Dessau  on  March  28,  1799, 
was  educated  medically  at  the  University  of  Halle,  and  after  gradua¬ 
tion  spent  two  years  in  Paris,  mainly  in  following  the  surgical  practice 
of  the  Charite  and  the  Hotel-de-Dieu.  In  1822  he  returned  to  Germany 
and  settled  at  Merseburg,  a  small  and  very  old  town  near  Leipzig  and 
Halle,  where  for  thirty-two  years  he  led  the  strenuous  life  of  the 
medical  man  of  the  district.  His  important  paper  in  1840  reviewed 
the  available  literature,  mentioning  the  Traite  des  maladies  des  yeux 
(1722)  of  C.  Saint  Yves  (1667-1733),  was  original  and  marked  a  con¬ 
siderable  advance ;  by  a  curious  coincidence  it  appeared  in  the  same 
volume  as  B.  Mohr’s  account  of  a  pituitary  tumour  with  obesity  ( vide 
p.  124).  The  year  1840  was  described  by  Neuburger  as  one  of  the  most 
important  in  the  history  of  German  neurology,  for  it  saw  the  publica¬ 
tion  of  Jacob  Heine’s  account  of  infantile  paralysis,  M.  H.  Romberg’s 
text-book  on  diseases  of  the  nerves,  Stilling’s  investigations  on  spinal 
irritation,  and  Henle’s  pathological  researches  on  nerves.  Estimates 
of  von  Basedow’s  paper  have  varied  ;  as  Dock  pointed  out,  he  received 
the  treatment  to  which  a  prophet  is  proverbially  liable  in  his  own 
country ;  his  paper  was  soon  followed  by  one  on  five  cases,  regarded  as 
hysterical,  by  A.  T.  Brueck,  a  Court  physician  at  Bad  Driburg,  who 
made  some  frivolous  remarks  about  the  colour  of  the  girls’  eyes  and 
their  influence  on  susceptible  males  and  snubbed  von  Basedow’s 
description ;  E.  H.  Henoch  (1820-1910)  went  out  of  his  way  eight  years 
later  to  declare,  in  the  journal  which  had  published  von  Basedow’s 
paper,  that  ‘nowhere  have  German  medical  men  mentioned  this  strik¬ 
ing  symptom-complex’.  Von  Basedow  died  on  April  11,  1854,  of  septic 
infection  contracted  at  the  necropsy  of  a  patient  with  typhus  fever. 

Dock,  G.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1908,  li.  1191;  Neuburger,  M., 
Essays  on  the  History  of  Medicine,  N.Y.,  1930,  p.  83. 

Sir  Henry  Marsh  (1790-1860),  when  president  of  the  Pathological 
Society  of  Dublin  (which  was  established  in  1838),  read  a  paper  en¬ 
titled  L  Dilatation  of  the  Cavities  of  the  Heart,  Enlargement  of  the 
Thyroid  Gland'  on  January  2,  1841.  He  reported  two  cases  with  a 
necropsy  in  one  and  mentioned  exophthalmos ;  he  laid  stress  on  the 
correspondence  between  the  increase  and  diminution  of  the  size  of  the 
thyroid  on  the  one  hand  with  the  changes  in  the  heart’s  action  on 
the  other,  and  described  great  dilatation  of  the  j  ugular  veins  found  at 
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the  necropsy.  In  1845  R.  L.  Macdonnell  of  Dublin  published  ‘  Obser¬ 
vations  on  a  peculiar  form  of  Disease  of  the  Heart,  attended  by 
Enlargement  of  the  Thyroid  Gland  and  Eyeballs  .  James  Begbie 
(1798-1869)  read  a  paper  before  the  Medico -Chirurgical  Society  of 
Edinburgh  on  January  3,  1849,  on  ‘Anaemia  and  its  Consequences, 
Enlargement  of  the  Thyroid  Gland  and  Eyeballs;  Anaemia  and 
Goitre,  are  they  related?  ’  He  argued  that  anaemia  was  the  primary 
change.  At  this  time  much  stress  was  laid  on  anaemia ;  in  the  same 
year  W.  White  Cooper  (1816-86),  the  oculist,  wrote  ‘On  Protrusion 
of  the  Eyes  in  Connexion  with  Anaemia,  Palpitation,  and  Goitre’, 
and  William  Mackenzie  (1791-1868)  used  the  name  ‘anaemic  exoph¬ 
thalmos’.  Romberg  and  Henoch  in  1851  analysed  27  collected  cases. 
In  1854  Schoch  wrote  an  inaugural  dissertation  at  Berlin  ‘de  Exoph- 
thalmo  ac  Struma  cum  Cordis  Affectione  ’.  The  account  of  ‘  increased 
action  of  the  Heart  and  of  the  Arteries  of  the  Neck  followed  by  en¬ 
largement  of  the  Thyroid  Gland  and  Eyeballs’  in  William  Stokes’s 
(1804-78)  Diseases  of  the  Heart  (1854)  was  much  fuller  than  Graves’s 
earlier  account ;  it  recorded  its  occurrence  in  a  male  as  well  as  in 
females,  one  of  the  latter  being  60  years  of  age,  stated  that  the  disease 
might,  as  Parry  had  noted,  be  superimposed  on  a  previously  existing 
simple  goitre  (toxic  adenoma  or  the  secondary  form  of  exophthalmic 
goitre  of  the  present  day),  mentioned  a  cure  by  iodine,  and  alluded 
to  confusion  with  aneurysm.  Stokes  definitely  regarded  the  cardiac 
changes  as  primary  and  the  disease  as  a  cardiac  neurosis,  and  explained 
the  exophthalmos  as  due  to  hydrophthalmia  or  increase  in  the  ocular 
humours.  After  hearing  his  colleague  Graves  give  the  clinical  lecture 
in  1835  Stokes  communicated  to  Graves  a  case  of  this  disorder. 

William  Stokes  was  the  fifth  child  and  second  son  of  Whitley  Stokes 
(1763-1845),  regius  professor  of  medicine  in  the  University  of  Dublin 
from  1830  to  1843.  He  was  born  in  Dublin  in  1804  and  was  a  member 
of  a  family  distinguished  in  social,  literary,  and  scientific  circles  since 
Gabriel  Stokes  came  to  Ireland  in  1680.  His  father,  grandfather,  and 
great  uncle  were  all  fellows  of  Trinity  College ;  his  cousin,  George 
Gabriel  Stokes  (1819-1903),  was  Lucasian  professor  of  mathematics  at 
Cambridge  and  president  of  the  Royal  Society.  William  was  never 
an  undergraduate  and  was  carefully  trained  in  classics  and  mathe¬ 
matics  by  a  fellow  of  Trinity  College  and  in  science  by  his  father,  of 
whom  he  wrote  ‘my  father  left  me  but  one  legacy,  the  blessed  gift  of 
rising  early’.  Following  his  father’s  example  he  took  the  M.D.  degree 
at  Edinburgh  in  1825,  at  the  same  time  as  Dominic  Corrigan,  and 
published  in  that  year  An  Introduction  to  the  use  of  the  Stethoscope. 
Returning  to  Dublin  he  was  on  January  7,  1826,  elected  physician  to 
the  Meath  Hospital  in  the  place  of  his  father,  thus  becoming  the 
colleague  and  lifelong  friend  of  Graves.  Their  careers  and  circum¬ 
stances  were  remarkably  alike.  In  1837  he  brought  out  his  treatise  on 
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diseases  of  the  chest,  in  1854  an  equally  famous  work  on  diseases  of 
the  heart  and  aorta  appeared,  and  in  1874  his  lectures  on  fever,  pre¬ 
viously  published  in  the  medical  press,  were  collected  and  published 
in  book  form  by  J.  W.  Moore,  who  had  followed  him  as  physician  at 
the  Meath  Hospital  and  as  editor  of  the  Dublin  J ournal  of  the  Medical 
Sciences.  The  Dublin  Pathological  Society  was  founded  by  him  in 
1838.  With  a  wide  outlook  he  took  a  keen  interest  in  art,  wrote  the 
Life  and  Labours  in  Art  and  Archaeology  of  George  Petrie  (1868), 
travelled  extensively,  and  was  president  of  the  Royal  Irish  Academy. 
Elected  F.R.S.  and  appointed  physician  to  the  Queen  in  Ireland  in 
1861,  he  had  followed  his  father  as  regius  professor  of  medicine  in  1845. 
His  friendship  for  Graves  was  shown  by  editing  in  1863  his  late  col¬ 
league’s  Studies  in  Physiology  and  Medicine.  In  1876  he  received  the 
exceptional  honour  of  the  Prussian  Order  Pour  le  Merite.  He  was 
described  by  Sir  George  Paget,  regius  professor  of  physic  at  Cambridge, 
as  the  greatest  physician  in  Europe,  and  Sir  Henry  Acland,  regius 
professor  of  medicine  at  Oxford,  who  wrote  a  short  memoir  of  him, 
said  that  he  was  ‘above  all  else  the  physician  of  the  poor’.  His  death 
on  January  6,  1878,  was  preceded  by  an  incapacitating  illness. 

William  Stokes:  in  ‘Masters  of  Medicine’  Series,  by  his  son  Sir  W.  Stokes, 
Lond.,  1898  ;  Memoir  byll.W.  Acland,  attached  to  the  New  Sydenham  Society’s 
edition  of  the  Treatise  on  the  Diagnosis  and  Treatment  of  Diseases  of  the  Chest, 
1882;  Dublin  Journ.  Med.  Sc.,  1878,  lxv.  186. 

W.  H.  Walshe  (1812-92),  a  native  of  Dublin,  who  studied  medicine 
in  Paris  and  Edinburgh  and  was  physician  to  University  College 
Hospital,  London,  in  his  Practical  Treatise  on  the  Diseases  of  the 
Lungs ,  Heart,  and  Aorta  (1854)  gave  nine  lines  to  the  subject  of  ‘en¬ 
largement  of  the  thyroid  gland  and  inferior  thyroid  arteries  as  a 
dependence  on  permanent  excitement  of  the  heart’s  action’.  On  the 
other  hand,  O’Bryen  Bellingham  (1805-57),  surgeon  to  St.  Vincent’s 
Hospital,  Dublin,  devoted  a  chapter  of  ten  pages  in  his  Treatise  on 
Diseases  of  the  Heart  (1857)  to  ‘Increased  Action  of  the  Heart  with 
enlargement  of  the  Thyroid  Gland,  and  Prominence  of  the  Eye-Balls’. 
This  is  a  good  account  based  on  22  cases  (19  females,  3  males) 
recorded  in  British  journals.  He  regarded  the  disease  as  primarily 
cardiac  and  forming  a  link  between  the  organic  and  the  functional 
affections  of  the  heart. 

O’Bryen  Bellingham,  who  is  not  mentioned  in  the  Dictionary  of 
National  Biography,  was  bom  at  Castle  Bellingham,  County  Louth,  as 
the  son  of  Sir  Alan  Bellingham,  and  is  an  attractive  and  interesting 
personality.  The  family,  with  a  past  traced  back  to  the  time  of  the 
Conqueror,  took  its  name  from  the  town  of  Bellingham-in-Tyndal, 
Northumberland,  and  a  Sir  Edward  Bellingham  (ob.  1549)  was  ap¬ 
pointed  Lord  Deputy  of  Ireland  in  1548.  In  1828  in  Dublin  O’Bryen 
took  the  licence  to  practise,  and  proceeded  to  the  degree  of  M.D.  at 
Edinburgh  in  1830,  like  other  distinguished  Dublin  men.  He  started 
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his  professional  life  in  Dublin  by  teaching  anatomy,  was  appointed 
surgeon  to  the  hospital  of  St.  Vincent  de  Paul  which  had  opened  in  1834, 
was  professor  of  botany  from  1842  to  1850,  wrote  a  text-book  on 
materia  medica,  and  was  librarian  (1854-7)  at  the  Royal  College  of 
Surgeons  of  Ireland.  A  gentle  aristocrat  with  a  charming  courtesy  to 
the  poor  as  well  as  the  rich,  he  rapidly  became  busy  in  practice,  and 
at  the  same  time  worked  hard  at  his  profession,  especially  on  aneurysm, 
for  which  he  advocated  manual  compression,  publishing  Observations 
on  Aneurism  and  its  Treatment  by  Compression  (1847)  as  an  alternative 
to  ligature  with  all  the  dangers  of  surgery  in  those  pre-Listerian  days. 
So  many  specimens  of  this  disease  were  shown  at  the  Pathological 
Society  of  Dublin,  founded  in  1838,  three  years  before  the  Reading 
Pathological  Society  in  1841  and  eight  years  before  the  Pathological 
Society  of  London  (1846-1907),  that  the  physicians  dubbed  it  ‘The 
Aneurysmal  Society’.  Bellingham  was  interested  in  books  as  well  as 
in  entozoa,  and  was  as  much  a  physician  as  a  surgeon  ;  in  those  days 
‘pure’  consulting  physicians  did  not  exist  in  Dublin,  and  the  surgeons 
acted  on  the  maxim  expressed  in  1908  by  Clinton  Dent  (1850-1912), 

‘  Chirurgus  sum !  Nihil  medicum  a  me  alienum  puto.  ’  Bellingham’s  bust 
by  Kirk  in  the  hall  of  the  College  of  Surgeons  of  Ireland  shows  his  classica  l 
and  somewhat  ascetic  features,  and  that  he  died  on  October  1 1,  1857, 
or  twenty  years  earlier  than  has  sometimes  been  stated.  His  treatise 
on  the  heart  came  out  in  two  volumes,  in  1853  and  1857,  so  he  did  not 
live  to  read  the  laudatory  notices  evoked  by  the  second  volume. 

Cameron,  C.,  History  of  the  Royal  College  of  Surgeons  of  Ireland,  Dublin,  1885, 
p.  462;  Doolin,  W.,  Record  of  the  St.  Vincent's  Hospital  Centenary,  1934. 

In  France  the  first  description  of  the  disease  was  given  in  May 
1856  by  Charcot  (1825-93)  who  recorded  1  case,  collected  7  necrop¬ 
sies,  and  after  enumeration  in  the  title  of  palpitation,  goitre,  and 
exophthalmos,  employed  the  synonym  cachexia  exophthalmica. 
Fischer  in  1859  wrote  a  paper  under  the  heading  of  this  synonym, 
and  then  Trousseau  (1801-67)  took  up  the  subject.  In  1859  and  1860 
the  subject  of  thyroid  disease  was  much  discussed  at  the  Academie 
de  Medecine  of  Paris  ;  Aran  (1817-61 )  in  1860  read  a  paper  in  which 
he  ascribed  the  exophthalmos  to  contraction  of  the  smooth  muscular 
fibres  described  in  1859  by  Heinrich  Muller  (1809-75).  Trousseau 
reported  on  this  paper,  on  that  of  Hippelsheim  on  exophthalmic  goitre, 
and  on  those  by  Boinet  and  Rilliet  on  the  use  of  iodine  in  thyroid 
disease,  and  gave  two  lectures  at  the  Hotel-de-Dieu,  Paris,  in 
December  1860,  on  Graves’s  disease,  as  he  then  named  it. 

Adelmann,  G.,  Jahrb.  d.  phil.-med.  Gesellsch.  zu  Wiirzb.,  1828,  i.  ii.  104; 
Aran,  F.  A.,  Bull.  Acad,  imper.  de  med.,  Paris,  1860,  xxvi.  122;  Basedow, 
C.  A.  von,  Wchnschr.  f.  d.  ges.  Heilk.,  Berlin,  1840,  vi.  197-220;  idem,  ibid., 
1848,  xiv.  769;  Begbie,  J.,  Month.  Journ.  Med.  Sc.,  Lond.  and  Edin.,  1849, 
ix.  495 ;  idem,  Contributions  to  Practical  Medicine,  Edin.,  1862,  p.  116;  Belling¬ 
ham,  O’B.,  A  Treatise  on  Diseases  of  the  Heart,  Dublin,  1857,  ii.  527-36; 
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Charcot,  J.  M.,  Gaz.  med.  de  Paris,  1856,  3  s.,  xi.  599;  Cooper,  W.  W.,  Lancet, 
1849,  i.  551 ;  Demours,  A.  P.,  Traite  des  maladies  des  yeux,  Paris,  1818,  tome  i, 
485;  Dent,  C.  T.,  Trans.  Med.  Soc.  Lond.,  1908,  xxxi.  332;  Dock,  G.,  Journ. 
Am.  Med.  Assoc.,  Chicago,  1908,  li.  1119;  Dunhill,  T.  P.,  Brit.  Med.  Journ., 
1924,  ii.  611;  Elgood,  C.,  Medicine  in  Persia,  N.Y.,  1934,  p.  55;  Fischer,  P., 
Arch.  gen.  de  med.,  Paris,  1859,  5  s.,  xiv.  521,  652;  Flajani,  G.  F.,  Collezione 
d' osservazioni  e  reflessioni  di  chirurgia,  Roma,  1802,  iii.  270-86;  Graves,  R.  J., 
Lond.  Med.  and  Surg.  Journ.  (Renshaw’s),  1835,  vii.  516;  reproduced  in  his 
Practice  of  Medicine,  Dublin,  1848,  ii.  193-5;  Heberden,  W.,  Commentarii  de 
Morborum  Historia  et  Curatione,  Lond.,  1802;  Henoch,  E.  H.,  Wchnschr.  f.  d. 
ges.  Heilk.,  Berlin,  1848,  xiv.  609-25;  Legg,  J.  W.,  St.  Bartholomew's  Hosp. 
Rep.,  1882,  xviii.  7;  Lieutaud,  J.,  Precis  de  la  medecine  prat.,  Paris,  1759; 
MacDonald,  R.  L.,  Dublin  Journ.  Med.  Sc.,  1845,  xxvii.  200;  Mackenzie,  W., 
Practical  Treatise  on  Diseases  of  the  Eye,  Lond.,  1854 ;  Marsh,  H.,  Dublin  J ourn. 
Med.  Sc.,  1841,  xx.  471,  and  Proc.  Path.  Soc.,  Dublin,  3rd  Report,  1840-7, 
p.  25;  Med.-Chir.  Journ.  and  Rev.,  Lond.,  1816,  i.  154;  Muller,  H.,  Verhandl. 
d.  phys.-med.  Gesellsch.  zu  Wilrz.,  1859,  ix.  244;  Parry,  C.  H.,  Elements  of 
Pathology  anf  Therapeutics,  Lond.,  1815;  idem,  Collections  from  the  unpub¬ 
lished  Medical  Papers  of  the  late  Caleb  Hillier  Parry,  Lond.,  1825,  ii.  Ill ;  Pauli, 
F.  P.,  Med.  Ann.,  Heidelb.,  1837,  iii.  218 ;  Rendu,  H.,  Dictionnaire  encyclopedique 
des  sc.  med.  (Dechambre),  Paris,  1883,  4  s.,  ix.  553;  Rilliet,  F.,  Bull.  Acad,  de 
med.,  Paris,  1858,  xxiv.  23;  Romberg,  H.  M.,  und  Henoch,  E.  H.,  Klin. 
Wahrnehmungen  und  Beobachtungen,  Berlin,  1851,  p.  197;  Saint-Yves,  C., 
Nouv.  traite  des  maladies  des  yeux,  Paris,  1722;  Stokes,  W.,  Diseases  of  the 
Heart,  and  Aorta,  Dublin,  1854,  pp.  278-97  ;  Testa,  A.,  Collezione  d' osservazioni 
e  reflessioni  di  chirurgia,  Roma,  1800,  iii.  270,  and  Traite  des  maladies  du  cceur, 
Paris,  1811 ;  Trousseau,  A.,  Gaz.  d.  hop.,  Paris,  1860,  xxxiii.  553,  and  Lancet, 
1860,  ii.  575-98;  Wilks,  S.,  Lectures  on  Pathological  Anatomy,  Lond.,  1889, 
p.  304. 

Aetiology. 

Sex  Incidence.  Charcot  in  1885  stated  that  the  disease  was  only 
slightly  more  frequent  in  females  than  in  males.  Subsequent  estimates 
have  shown  an  overwhelming  incidence  in  women;  in  1908  Hector 
Mackenzie  from  his  own  and  G.  R.  Murray’s  figures  found  the  propor¬ 
tion  to  be  13  females  to  1  male;  Campbell  (1921)  among  127  cases  at 
Guy’s  Hospital  found  the  proportion  17  females  to  1  male;  other 
estimates  are  6  to  1.  At  the  Mayo  Clinic  85  per  cent,  of  the  cases  were 
in  women.  According  to  Campbell  nearly  70  per  cent,  of  all  cases 
occur  in  unmarried  women  of  child-bearing  age.  Basedow  in  1840 
recorded  the  first  case  in  a  male.  According  to  Mendel  and  Tobias 
(1913)  it  occurs  later  in  life  and  pronounced  psychoses  are  more  fre¬ 
quent  in  males  than  in  females.  The  incidence  of  pregnancy  was  0-4 
among  3,678  cases  (Clute  and  Daniels,  1930).  The  disease  in  a 
severe  form  is  rare  in  pregnancy ;  it  may  come  on  for  the  first  time 
in  pregnancy  and  imitate  hyperemesis,  but  is  completely  relieved 
by  Lugol’s  solution  (Browne,  1935). 

Age  Incidence.  It  is  very  rare  in  early  childhood.  Congenital  cases 
in  the  infants  of  mothers  with  the  disease  have  been  recorded  by 
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Clifford  White  (1912)  and  Faber  (1923).  Clark  (1928)  suggested  that 
mongolism  is  the  result  of  foetal  hyperthyroidism.  The  first  case  in 
a  child  was  reported  in  1851  by  Henoch  and  Romberg. 

Heredity.  Cheadle  (1836-1910)  in  1875  reported  the  disease  in  an 
aunt  and  her  two  nieces  ;  Hector  Mackenzie  (1890)  mentioned  several 
cases  in  which  two  sisters  had  the  disease,  and  quoted  Oesterreicher’s 
report  of  its  occurrence  in  eight  out  of  the  ten  daughters  of  a  nervous 
woman.  Crile  (1932)  operated  upon  three  generations,  grandmother, 
mother,  and  daughter;  Euziere,  Vidal,  Viallefont,  and  Lafon  (1933) 
also  recorded  the  disease  in  three  generations.  Clifford  White  and 
Faber,  as  mentioned  above,  reported  it  in  infants  of  mothers  with 
the  disease.  Gardiner-Hill  (1934)  estimated  that  heredity  plays  a 
part  in  10  per  cent,  of  the  cases.  Cockayne  (1928)  concluded  that 
there  is  an  inherited  constitutional  weakness,  a  thyroid  diathesis, 
which  in  circumstances,  such  as  a  deficiency  of  iodine  or  a  polluted 
water  supply,  will  determine  its  onset,  rather  than  direct  inheritance 
of  the  disease.  There  may  be  a  family  lack  of  thyroid  vitality  so  that 
different  members  may  suffer  from  goitre,  toxic  goitre,  or  myxoedema. 

Constitutional  Factor.  Warthin  (1866-1931)  in  1928  and  Marine 
in  1926  and  1930  regarded  Graves’s  disease  as  dependent  on  a  con¬ 
stitutional  condition  with  the  anatomical  basis  of  the  status  thymico¬ 
lymphaticus,  which  Marine  considered  might  be  acquired  and  not 
congenital  only,  and  due  to  partial  suppression  of  the  functions  of 
the  adrenal  cortex  and  sex  glands.  Warthin  described  the  hyper- 
thyroid  or  Graves  constitution  as  characterized  by  a  youthful  build, 
slender  and  soft,  with  long  thin  fingers  and  toes,  increased  articular 
mobility,  well-developed  nails  and  teeth,  and  abundant  hair;  he 
regarded  hyperplasia  of  the  primitive  lymphatic  nodules  of  the 
thyroid,  thymus,  and  lymphoid  tissue  as  constantly  present,  and  the 
most  characteristic  change  in  the  thyroid  as  lymphoid  exhaustion  in 
the  germinal  centres  of  the  primitive  lymphoid  nodules.  Friedgood 
(1932)  also  insisted  on  the  almost  constant  presence  in  the  thyroid  of 
an  extraordinary  lymphoid  hyperplasia  with  well-formed  germinal 
centres,  and  fortune  (1933)  in  245  cases  of  various  forms  of  thyroid 
disease  found  the  lymphoid  hyperplasia  characteristic  of  Graves’s 
disease  in  90  per  cent.  It  may  be  noted  that  Haven  Emerson  in  his 
account  of  the  status  lymphaticus  in  the  adult  (1913)  did  not  refer 
to  Graves  s  disease.  Lorand  and  Moschcowitz  (1934)  regarded  the 
constitutional  state  as  that  of  a  sensitive  emotional  type  with  special 
intolerance  to  thyroid,  but  not  associated  with  any  anatomical 
pattern  such  as  has  been  described  for  a  number  of  diseases. 

According  to  Marine  (1930)  Graves’s  disease,  lymphatism,  and 
Addison  s  disease  are  closely  allied  states  and  all  intimately  associated 
with  inadequacy  of  the  adrenal  cortex. 
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Geographical  Distribution.  In  England  and  Wales  endemic  goitre 
and  Graves’s  disease  tend  to  occur  in  the  same  districts  (Campbell, 
1925);  this  holds  good  in  North  America  and  Czechoslovakia 
(\  omela),  but  not  in  India  (McCarrison,  1917)  and  Switzerland. 

The  effect  of  iodine  in  transforming  a  simple  goitre  into  a  toxic 
adenoma  has  been  much  discussed,  and  divergent  opinions  have  been 
expressed,  since  T.  Kocher  wrote  on  jod-Basedow  in  1910  ;  it  has  been 
suggested  that  toxic  adenoma  has  been  partly  induced  by  iodides 
given  for  common  ailments  (Carmalt- Jones,  1928).  The  administra¬ 
tion  of  iodine  in  small  doses  to  children  in  endemic  goitre  areas  is  a 
safe  prophylactic,  and  adolescent  diffuse  goitre  of  recent  origin  when 
under  medical  supervision  may  be  much  benefited  ;  but  iodine  should 
not  be  given  to  patients  with  nodular  goitre  containing  adenomas,  as 
hyperthyroidism  is  readily  produced  (Dock  and  Lisser,  1927). 

The  Question  of  Infective  Factors.  Some  degree  of  thyroid  enlarge¬ 
ment  is  common  in  infections,  and  this  must  be  taken  into  account 
in  connexion  with  the  aetiology  of  toxic  goitre  which  has  sometimes 
been  ascribed  to  focal  sepsis,  tuberculosis,  and  syphilis. 

Focal  sepsis,  dental  or  tonsillar,  has  been  regarded  as  a  possible 
factor.  Murray  (1926),  while  recognizing  that  toxic  goitre  may  be 
aggravated,  saw  little  evidence  that  it  is  primarily  caused  by  focal 
sepsis.  Fraser  (1934)  regarded  as  the  most  important  of  the  conditions 
associated  with  the  onset  or  relapse  some  form  of  infection,  especially 
acute  tonsillitis,  then  influenza,  nasal  sinusitis,  and  dental  disease. 

Tuberculosis.  On  the  association  of  toxic  goitre  and  tuberculosis 
various  opinions  have  been  expressed.  The  two  diseases  have  been 
thought  to  be  antagonistic;  Hector  Mackenzie  (1908)  had  only  once 
seen  the  disease  supervene  on  existing  tuberculosis.  According  to 
(  rile  (1932)  tuberculosis  did  not  develop  in  hyperthyroid  patients, 
but  hyperthyroidism  may  supervene  in  the  course  of  tuberculosis, 
and  Marahon  (1932)  regarded  hyperthyroidism  as  a  common  result 
of  tuberculosis.  On  the  other  hand,  Griiner  (1929)  found  that  in  more 
than  a  thousand  tuberculous  patients  thyroid  disorder  was  hardly 
more  frequent  than  in  two  thousand  control  patients.  Levy  reported 
13  cases  among  170  tuberculous  subjects,  and  Stanton  (1905)  thought 
the  two  diseases  were  often  closely  related.  In  the  early  stages  of 
pulmonary  tuberculosis  some  secondary  thyroid  enlargement  and 
symptoms  may  suggest  hyperthyroidism,  which  Morin  of  Ley  sin 
(1885  and  1906)  regarded  as  of  good  prognosis.  Conversely,  im¬ 
provement  in  hyperthyroid  symptoms  has  been  followed  by  relapse 
of  tuberculosis  (Roussy).  McBrayer  (1921)  found  that  a  large  per¬ 
centage  of  tuberculous  cases  show  a  raised  metabolic  rate  and 
blood  sugar,  and  that  these  estimations  are  not  of  any  value  in  the 
diagnosis  of  chronic  pulmonary  tuberculosis  from  hyperthyroidism. 
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Tuberculous  cases  do  not  give  a  positive  reaction  with  adrenaline 
(Nicholson  and  Goetsch,  1920) ;  but  a  positive  test  is  not  confined  to 
hyperthyroidism.  In  75  per  cent,  of  87  cases  of  hyperthyroidism 
supervening  on  tuberculosis  Crile  (1932)  found  that  benefit  followed 
subtotal  thyroidectomy. 

Syphilis  has  been  thought  to  play  a  part  in  some  cases.  Engel- 
Reimers  ( 1 892 )  pointed  out  the  frequency  of  syphilis  as  an  antecedent, 
and  the  association  with  tabes  dorsalis  has  been  reported  (Barie, 
1888;  Marie,  1897);  but  the  question  of  mere  coincidence  must  be 
borne  in  mind.  Levy-Franckel  (1911)  associated  Graves’s  disease 
with  syphilitic  lesions  of  the  bucco-pharyngeal  region.  Netherton 
(1922)  from  examination  of  62  syphilitic  subjects  found  that  45,  or 
72  per  cent.,  showed  clinical  manifestations  imitating  hyperthy¬ 
roidism,  but  without  a  raised  basal  metabolic  rate. 

The  influence  of  fright,  shock,  and  anxiety  in  bringing  on  the 
symptoms  has  long  been  a  familiar  belief,  and  an  increased  incidence 
was  stated  to  have  occurred  during  the  siege  of  Paris  in  the  Franco- 
Prussian  War  (1870);  but  in  Germany  during  the  Great  War  the 
number  of  cases  fell,  and  this  has  been  thought  to  suggest  that  over¬ 
feeding  may  play  a  causal  part  in  the  disease  (Curschmann,  1922). 
Acute  worry  and  sudden  fright  may  reasonably  be  thought  to  pre¬ 
cipitate  the  onset  in  a  latent  case,  by  inducing  an  excessive  secre¬ 
tion  of  adrenaline  which,  by  stimulating  a  sympathetic  system 
already  sensitized  by  hyperthyroidism,  induces  the  neuro-vegetative 
syndrome  or  para-Basedowism  described  by  Labbe  and  his  co-workers 
(1933)  as  a  part  of  Graves’s  disease  ( vide  pp.  224,  250).  Psychological 
investigation  has  supported  the  association  of  emotional  shock  and 
the  onset  of  symptoms:  Conrad  (1934)  obtained  a  history  of  psy¬ 
chical  trauma  in  94  per  cent,  of  cases  of  toxic  goitre.  Long-con¬ 
tinued  anxiety  and  worry,  such  as  looking  after  a  slowly  dying 
relative  or  awaiting  financial  bankruptcy,  are  more  frequent  than 
acute  mental  stress  as  apparent  exciting  factors.  Sexual  worries, 
such  as  unhappy  married  life,  fear  of  pregnancy,  long  engagements, 
must  be  considered  as  disposing  factors. 

Barie,  E.,  Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris,  1888,  3  s.,  v.  503 ;  Basedow, 
C.  A.  von,  Wchnschr.  f.  d.  ges.  Heilk.,  Berlin,  1840,  vi.  197;  Browne,  F.  J., 
Antenatal  and  Postnatal  Care,  Lond.,  1935,  p.  347;  Campbell,  J.  M.  H., 
Quart.  Journ.  Med.,  Oxford,  1921-2,  xv.  55;  idem,  ibid.,  1924-5,  xviii.  191; 
Charcot,  J.  M.,  Gaz.  d.  hop.,  Paris,  1885,  3  s.,  lviii.  113;  Cheadle,  W.  B.,  St. 
George's  Hosp.  Rep.,  Lond.,  1872-4,  vii.  81;  Clark,  R.  N.,  Journ.  Ment.  Sc., 
Lond.,  1928,  lxxiv.  265;  Cltjte,  H.  M.,  and  Daniels,  D.  H.,  Am.  Journ.  Med. 
Sc.,  Phila.,  1930,  clxxix,  477;  Cockayne,  E.  A.,  Arch.  Dis.  Child.,  Lond.,  1928, 
iii.  227  ;  Conrad,  A.,  J ourn.  A 1  erv.  and  Ment.  Dis.,  N.Y.,  1934,  lxxix.  136  ;  Crile, 

G. ,  and  Associates,  Diagnosis  and  Treatment  of  Diseases  of  the  Thyroid  Gland, 
1932;  Curschmann,  H.,  Klin.  Wchnschr.,  1922,  i.  1296;  Dock,  G.,  and  Lisser, 
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Trans.  XVII.  Internal.  Congr.  Med.,  Loncl.,  1913,  Sect.  VI,  Med.,  part  2, 
p.  652;  Engel-Reimers,  Jahrb.  der  Hamburgischen  Staatskrankenanst.,  Leipz., 
1891-2,  iii.  430;  Euziere,  Vidal,  Viallafort  et  Lafon,  Presse  med.,  Paris, 
1934,  xlii.  120;  Faber,  H.  K.,  Trans.  Am.  Fed.  Soc.,  Phila.,  1923,  xxxv.  341 ; 
Fortune,  C.  H.,  Ann.  Int.  Med.,  Lancaster,  Pa.,  1933,  vi.  869 ;  Fraser,  F.  R., 
St.  Barth.  Hosp.  Rep.,  1934,  lxvii.  157  ;  Friedgood,  H.  B.,  Am.  Journ.  Med.  Sc., 
Phila.,  1932,  clxxxiii.  515,  841 ;  Gardiner-Hill,  H.,  The  Chances  of  Morbid 
Inheritance  (Blacker),  Loncl.,  1934,  p.  318;  Gruner,  S.,  Ztschr.  f.  Tuberk., 
Leipz.,  1929,  liii.  319;  Henoch,  E.  H.,  und  Romberg,  M.  H.,  Klinische  Wahr- 
nehmungen  und  Beobachtungen,  Berlin,  1851,  p.  197;  Jones,  D.  W.  C.,  Proc. 
Roy.  Soc.  Med.,  Lond.,  1928,  xxi  (Sect.  Med.),  59 ;  Kocher,  T.,  Arch.f.  klin.  Chir., 
Berlin,  1910,  xc.  1166;  Labbe,  M.,  Villaret,  M.,  Justin-Besan£ON,  L.,  et 
Schiff-Wertheimer,  Bull.  Acad,  de  med.,  Paris,  1933,  cx.  730;  Levy- 
Franckel,  Ann.  d.  mol.  ven.,  1911,  vi.  413;  Lorand,  A.,  and  Moschcowitz,  E., 
Journ.  Nerv.  and  Ment.  Dis.,  N.Y.,  1934,  lxxix.  656;  McBrayer,  R.  A.,  Journ. 
Am.  Med.  Assoc.,  Chicago,  1921,  lxxvii.  861;  Mackenzie,  H.,  Lancet,  1890,  ii. 
545,  601 ;  idem,  System  of  Medicine  (Allbutt  and  Rolleston),  1908,  iv,  part  i, 
359;  Maranon,  G.,  Rev.  franc .  d'endocrinol.,  Paris,  1932,  x.  189;  Marie,  P., 
Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris,  1897,  3  s.,  x.  136;  Marine,  D.,  Am. 
Journ.  Med.  Sc,.,  Phila.,  1930,  clxxx.  767  ;  Mendel,  K.,  und  Tobias,  E.,  Neurol. 
Central bl.,  Leipz.,  1913,  xxxii.  1477  ;  Morin,  E.,  Contribution  a  Vetude  de  la  tuber- 
culose  peritoneo -pleural  subaigue,  Paris,  1885;  idem,  Presse  med.,  Paris,  1906, 
xiv.  623  ;  Murray,  G.  R.,  Lancet,  1926,  i.  387  ;  Netherton,  E.  W.,  Am.  Journ. 
Syph.,  1932,  xvi.  479;  Nicholson  and  Goetsch,  Am.  Journ.  Tuberc.,  1920, 
iii.  109;  Stanton,  W.  B.,  Am.  Med.,  Phila.,  1905,  x.  605;  Vomela,  S.,  Presse 
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Hypotheses  about  the  Nature  of  Toxic  Goitre.  As  already 
shown  in  the  sketch  of  the  history  the  early  writers,  especially  the 
great  clinicians  of  the  Dublin  School,  ascribed  the  thyroid  enlarge¬ 
ment  to  the  heart.  This  was  probably  in  accordance  with  the  view 
that  the  thyroid  was  a  diverticulum  of  the  circulation  (vide  p.  150). 

The  Nervous  Hypothesis.  Trousseau  in  1860  regarded  the  disease 
as  a  neurosis  analogous  to  hysteria.  On  November  27,  1860,  Hand¬ 
held  Jones  (1819-90)  read  a  paper  on  k  Proptosis,  Goitre  and  Pal¬ 
pitation’  before  the  Royal  Medical  and  Chirurgical  Society  and 
concluded  that  the  exophthalmos  was  caused  by  effusion  of  fluid 
behind  the  eyeball  and  that  the  disease  was  essentially  a  debility  of 
the  vasomotor  nervous  system.  The  paper,  not  thought  worthy  of  the 
Society’s  Transactions,  was  printed  in  its  Proceedings,  and  together 
with  the  discussion  was  reported  in  the  Lancet.  Subsequently  changes 
were  described  in  the  sympathetic  by  Peter,  von  Recklinghausen, 
and  Virchow.  It  was  also  suggested  by  Koeben  (1865)  and  Piorry 
that  pressure  of  the  thyroid  on  the  sympathetic  in  the  neck  was 
responsible  for  the  symptoms,  and  in  1897  Pierre  Marie  adopted 
this  explanation  for  cases  (goitre  Basedowifie)  of  dyspnoea  and 
other  symptoms,  which  he  distinguished  from  Graves’s  disease.  In 
a  case  recorded  by  S.  Wilks  in  1870  Moxon  (1836-86)  examined  the 
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sympathetic,  but  could  not  confidently  say  that  it  was  abnormal ; 
Goodhart  in  1874  described  the  sympathetic  trunk  as  looking  red, 
but  the  ganglion  cells  as  microscopically  normal ;  Ranvier  also  found 
the  sympathetic  system  normal.  In  1863  T.  Laycock  (1812-76)  stated 
that  the  responsible  lesion  was  in  the  cilio-spinal  region  of  the  spinal 
cord,  and  in  1874  Lauder  Brunton  (1844-1916)  suggested  that  the 
third  cervical  ganglion  of  the  sympathetic  was  the  site  of  disease. 
The  importance  of  the  nervous  system  in  causing  symptoms  was  fully 
recognized  in  the  second  half  of  the  nineteenth  century,  and  Graves’s 
disease  was  generally  explained  on  these  lines ;  in  his  article  in 
Dechambre’s  Encyclopedic  des  sciences  wAdicales  (1883)  Rendu  (1844- 
1902)  gave  as  a  synonym  ‘nevrose  thyro-exophthalmique  But  in 
Hilton  Fagge’s  Principles  and  Practice  of  Medicine  (1886)  it  was 
considered  among  the  diseases  of  the  blood-vessels.  The  general  im¬ 
pression  that  exophthalmic  goitre  was  of  nervous  origin  was  shown 
by  a  discussion  in  Paris  on  its  relations  with  tabes  in  1888-9  in  which 
Barie,  who  introduced  it,  insisted  that  the  signs  of  exophthalmic 
goitre  might  occur  in  the  course  of  tabes.  Ballet  and  Joffroy  also 
spoke  on  the  subject. 

Recently  the  nervous  factor  has  been  partially  revived  by  Labbe 
and  his  collaborators  (1931,  1933)  in  the  view  that  toxic  goitre  is  due 
to  a  combination  of  (a)  hyperthyroidism  and  (b)  a  neuro- vegetative 
syndrome  or  para-Basedowism.  According  to  Drouet,  Jeandelize, 
and  Gault  (1934)  para-Basedowism,  which  causes  exophthalmos, 
tachycardia,  tremor,  and  goitre,  is  due  to  excessive  secretion  of  the 
thyrotropic  hormone  by  the  anterior  pituitary. 

The  Thyroid  Hypothesis .  That  the  thyroid  was  primarily  respon¬ 
sible  for  Graves’s  disease  was  suggested  in  1884  by  Rehn  (1849-1930) 
who  incriminated  an  excessive  secretion.  Gauthier  in  September 
1885  submitted  a  memoir  to  the  Academie  de  Medecine  for  the  prix 
Portal  in  which  he  suggested  that  the  thyroid  was  responsible  by  an 
excessive  and  toxic  secretion;  as  judged  by  two  subsequent  papers 
(1888,  1900)  his  explanation  was  vague  and  theoretical,  and  in  one 
place  he  described  the  thyroid  function  as  dominantly  haemopoietic. 
In  1886  P.  J.  Mobius  (1854-1907)  of  Leipzig  put  forward  the  view 
that  an  abnormal  functional  activity  of  the  thyroid  poisoned  the 
body;  on  clinical  grounds  others,  such  as  Byrom  Brain  well  (1847- 
1931 ),  T.  Wettein  1892,  A.  Joffroy  (1844-1908),  and  C.  Achard  (1893), 
regarded  the  thyroid  as  primarily  responsible.  But  the  nervous  ex¬ 
planatory  hypothesis  died  hard;  Osier  in  his  text-book  (1892)  de¬ 
scribed  it  as  of  unknown  origin  and  paid  attention  almost  exclusively 
to  the  nervous  system;  J.  S.  Bristowe  (1827-95)  did  the  same; 
Grainger  Stewart  (1837-1900)  and  G.  A.  Gibson (1854-1913)  in  July 
1893  had  ‘  no  hesitation  in  referring  it  to  a  morbid  state  of  the  nervous 
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system’;  W.  R.  Gowers  (1845-1915)  in  1893  described  its  cause  as 
in  the  nervous  system ;  G.  R.  Murray  in  the  same  year,  writing  on 
thyroid  secretion  as  a  factor  in  exophthalmic  goitre,  concluded  that 
the  evidence  was  not  sufficient  to  justify  the  view  that  the  thyroid 
was  the  primary  factor,  though  in  1896  he  accepted  this  view.  In 
December  of  1893  Greenfield  described  the  microscopical  changes 
in  the  thyroid  in  detail  {vide  p.  229),  and  gave  much  support  to 
the  thyroid  origin  of  the  disease. 

There  has  been  much  discussion  whether  in  Graves’s  disease  there 
is  an  excess  of  thyroid  secretion  (hyperthyroidism)  or  an  abnormal 
product  of  the  histologically  altered  thyroid,  as  Mobius  and  later 
H.  S.  Plummer  contended.  Janney  (1918)  suggested  that  excess  of 
thyroxine  splits  up,  in  the  latent  period  of  24  to  48  hours  before  its 
action  is  obvious,  into  intermediate  products,  one  or  more  of  which 
are  responsible  for  the  symptoms  of  exophthalmic  goitre.  This 
has  been  spoken  of  as  dysfunction  (Swan,  1916),  but  this  term  has 
also  been  applied  to  cases  in  which  there  is  a  mixture  or  overlapping 
of  hypothyroidism  and  hyperthyroidism  ( vide  p.  246).  H.  S.  Plummer 
and  Boothby  (1924)  believed  that  in  exophthalmic  goitre  the  thyroid 
manufactures  two  products:  ( a )  an  abnormal,  presumably  deficiently 
iodinized,  thyroxine  which  is  responsible  for  the  nervous  symptoms 
differentiating  it  from  toxic  adenoma,  and  for  that  part  of  the  in¬ 
creased  metabolic  rate  which  can  be  controlled  by  iodine,  and  (6)  an 
excess  of  normal  thyroxine  which  is  responsible  for  that  portion  of  the 
increased  metabolic  rate  not  controlled  by  iodine.  Toxic  goitre  they 
regarded  as  due  to  an  excess  of  normal  thyroxine  and  as  not  benefited 
by  iodine.  Ludford  and  Cramer  (1928)  on  histological  grounds  (vide 
p.  230)  also  suggested  that  the  thyroid  hormone  was  not  normal. 
Harington  (1933)  clearly  marshalled  the  arguments  against  an  ab¬ 
normal  secretion  of  the  thyroid.  Kunde  (1927)  stated  that  injection 
of  normal  thyroid  would  produce  all  the  symptoms  of  Graves’s  disease 
in  animals  and  that  this  disproved  the  two-product  hypothesis.  The 
need  for  an  explanation  why  the  clinical  picture  of  Graves’s  disease 
cannot  be  produced  with  certainty  by  excessive  administration  of 
the  thyroid  hormone  may  perhaps  be  found  in  Labbe’s  view  that 
Graves’s  disease  is  a  combination  of  hyperthyroidism  with  a  neuro- 
vegetative  syndrome  (‘para-Basedowism ’)  which  is  responsible  for 
exophthalmos  and  other  symptoms,  and  may  be  due  to  over-activity 
of  the  anterior  lobe  of  the  pituitary  (Drouet,  1934). 

As  long  ago  as  1894,  however,  P.  Marie  disputed  the  thyroid  origin 
of  Graves’s  disease  in  a  paper  mentioning  the  occurrence  of  unilateral 
exophthalmos,  and  comparatively  recently  doubt  about  the  primary 
responsibility  of  the  thyroid  has  strengthened,  and  it  has  been  sug¬ 
gested  that  the  sympathetic  may  be  wholly  (Friedgood,  1932)  or 
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partly  (Labbe,  1931 ;  1933)  responsible.  The  histological  changes  in 
the  thyroid  after  partial  thyroidectomy  were  recognized  as  the  same 
as  those  in  Graves’s  disease  by  W.  Edmunds  (1850-1930)  in  1896 
and  regarded  as  being  secondary  and  compensatory,  and  as  evidence 
that  the  thyroid  is  not  the  starting-point  of  Graves’s  disease.  This 
histological  resemblance  was  confirmed  by  W.  G.  MacCalhim  in  1905. 
Although  it  has  now  long  been  recognized  that  true  Graves’s  disease 
cannot  occur  without  changes  in  the  thyroid  there  is  a  growing  belief 
that  there  is  some  primary  factor  responsible  for  the  changes  in  the 
thyroid.  There  have  been  various  suggestions  about  the  nature  of 
the  underlying  cause,  such  as  psychical  strains,  sexual  worries,  in¬ 
fection,  toxaemia,  and  the  following. 

/  hymus  Hypothesis .  The  frequent  presence  of  an  enlarged  thymus 
in  Graves’s  disease  led  Hansemann  (1905)  to  consider  this  as  an 
aetiological  factor;  Hart  (1908)  described  two  forms  of  Graves’s 
disease,  the  thyroid  and  the  thymic,  to  the  latter  of  which  he  ascribed 
the  cardiac  symptoms.  Benefit  from  thymectomy  was  reported  by 
several  surgeons  ( vide  p.  257),  among  whom  von  Haberer  (1914) 
that  the  thymus  was  responsible  by  a  poisonous  secretion, 
and  Halsted  (1852-1922)  in  the  same  year  stated  that  over-activity 
of  the  thymus  became  manifest  chiefly  or  only  when  hyperthyroidism 
had  been  obvious  for  some  time. 

Adrenal  Hypothesis,  failure  of  the  adrenal  cortex  to  exert  an  in¬ 
hibitory  control  over  the  functional  activities  of  the  thyroid  has 
been  suggested ,  in  rabbits  and  cats  with  intact  thyroids  a  transient 
symptom-complex  resembling  toxic  goitre  and  with  a  raised  meta¬ 
bolic  rate  has  followed  sublethal  destruction  of  the  adrenal  cortex 
(Marine  and  Baumann  1922).  In  20  cases  benefit  was  reported  from 
the  administration  of  ox’s  adrenal  cortex  (Shapiro  and  Marine,  1921), 
and  this  has  been  confirmed  in  fifty  more  cases  by  Marine,  Baumann, 
and  Webster  (1930)  who  were  convinced  that  deficiency  of  the  adrenal 
cortex  was  the  primary  aetiological  factor  in  toxic  goitre. 

Pituitary  Hypothesis.  As  an  alternative  to  this  removal  of  an  in¬ 
hibitory  control  a  more  positive  influence,  active  stimulation  by  the 
thyrotropic  hormone  of  the  anterior  pituitary,  has  been  urged  by 
Drouet  (1934).  This  view  has  received  support  from  the  experi¬ 
mental  injections  of  anterior  pituitary  extracts  made  by  Marine  and 
Rosen  and  others  mentioned  in  the  following  paragraph. 

Experimental  production  of  toxic  goitre ,  which  rarely  occurs  spon¬ 
taneously  in  animals,  has  been  produced  in  various  ways.  In  1879, 
when  the  disease  was  regarded  as  a  neurosis,  Filehne  believed  that  he 
had  produced  the  main  symptoms,  though  not  all  at  the  same  time, 
by  transection  or  cauterization  of  the  restiform  bodies,  thus  recalling 
T.  Laycock’s  view  in  1863  (vide  p.  224);  Cannon  and  Binger  (1915) 
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watched  the  symptom -complex  of  Graves’s  disease,  including  uni¬ 
lateral  exophthalmos,  develop  in  a  cat  after  suture  of  the  superior 
cervical  sympathetic  to  the  phrenic  nerve  ;  subsequently  the  progress 
of  the  symptom- complex  was  arrested  by  removal  of  the  thyroid  (Fitz 
and  Cannon,  1 9 1 G ) .  Bircher  in  1911  produced  the  symptoms  of  Graves’s 
disease  in  two  animals  by  intraperitoneal  implantation  of  a  hyper¬ 
plastic  thymus  from  a  patient  with  Graves’s  disease.  After  adrena¬ 
lectomy  or  freezing  the  adrenal  cortex  in  rabbits  Marine  and  Baumann 
(1922)  observed  the  clinical  picture  of  Graves’s  disease.  In  1933 
Marine,  Rosen,  and  Cipra  produced  chronic  bilateral  exophthalmos 
in  150  young  rabbits,  by  injection  of  methyl- cyanide.  In  the  same 
year  Marine  and  Rosen  produced  exophthalmos  in  thyroidectomized 
guinea-pigs  by  the  use  of  extract  of  the  anterior  pituitary  containing 
the  thyrotropic  hormone,  and  concluded  that  methyl- cyanide  causes 
exophthalmos  by  stimulating  the  anterior  lobe  of  the  pituitary.  By 
injections  of  anterior  pituitary  extract  Loeb  (1929),  Schockaert  (1931), 
and  Friedgood  (1934)  produced  experimentally  a  syndrome  resem¬ 
bling  Graves’s  disease  ;  the  last  named  concluded  that  exophthalmos 
resulted  more  readily  in  association  with  hypothyroidism  than  with 
hyperthyroidism.  This  agrees  with  the  view  of  M.  Labbe  and  his 
colleagues  (1934)  that  exophthalmos  can  be  separated  from,  and  is 
not  caused  by,  hyperthyroidism,  but  is  a  constituent  of  a  neuro- 
vegetative  syndrome  (para-Basedowism)  to  which  thyroxine  sensi¬ 
tizes  the  sympathetic.  Drouet’s  thesis  (1934)  that  Graves’s  disease 
is  primarily  due  to  hyperpituitarism  with  resulting  hyperthyroidism, 
and  that  para-Basedowism  is  due  solely  to  hyperpituitarism  carried 
Labbe's  hypothesis  farther.  Aron  (1931)  also  argued  that  there 
were  two  constituents — one  solely  thyroid,  the  other  pituitary — of 
toxic  goitre. 

In  support  of  the  primary  responsibility  of  the  anterior  pituitary 
it  has  been  pointed  out  that  the  blood  plasma  of  hypophysectomized 
dogs  shows  the  changes,  viz.  increased  globulin  and  viscosity,  found 
in  Graves’s  disease  (Houssay,  1933).  The  great  variations  in  the  r 
clinical  manifestations  have  been  regarded  as  evidence  suggesting  that 
the  primary  cause  is  not  thyroidal  (Sanger,  1926).  The  beneficial 
effect  of  subtotal  thyroidectomy  has  been  explained  by  the  removal 
of  such  an  amount  of  thyroid  that  the  remainder  of  the  gland  cannot 
respond  to  the  unknown  and  untreated  cause  ;  that  in  fact  the  vicious 
circle  is  broken  (H.  Moore,  1930). 
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Morbid  Anatomy. 

Thyroid.  There  is  not  any  relation  between  increased  size  of  the 
thyroid  and  the  severity  of  the  symptoms.  This  is  particularly  mani¬ 
fest  in  some  of  the  incomplete  forms.  The  surface  of  the  thyroid 
shows  enlarged  veins,  and  the  arteries  going  to  the  gland  may  be 
similarly  altered  ;  but  as  a  whole  the  gland  is  not,  as  it  has  sometimes 
been  stated  to  be,  more  vascular  than  normal.  To  the  naked  eye,  as 
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pointed  out  by  Greenfield  in  1893,  section  shows  a  loss  of  the  peculiar 
glistening  appearance  of  the  normal  gland  containing  the  usual 
amount  of  colloid  ;  this  is  due  to  diminution  of  contained  colloid.  In 
secondary  exophthalmic  goitre  or  toxic  adenoma  the  gland  is  usually 
nodular. 

Histology.  The  first  attempt  to  describe  a  definite  change  in  the 
thyroid  was  in  the  thesis  (1888)  of  Bertoye  inspired  by  Renaut ; 
thyroiditis  with  intra-lobular  fibrosis  compressing  the  lymphatics  was 
said  to  be  present.  In  1893  Joffroy  and  Achard  concluded  that  there 
was  not  any  microscopic  difference  in  the  thyroid  in  Graves’s  disease 
from  ordinary  goitre.  Later  in  that  year  the  histological  changes  in 
the  thyroid  of  exophthalmic  goitre  were  definitely  established  by  W.  S . 
Greenfield,  whose  investigations,  extending  over  ten  years,  led  to  the 
conclusion  that  thyroid  hyperplasia  caused  exaggerated,  and  prob¬ 
ably  perverted,  functional  activity.  His  results  were  given  in  the 
Bradshaw  Lecture  of  the  Royal  College  of  Physicians  of  London, 
delivered,  as  he  was  ill,  by  G.  Sims  Woodhead  (1855-1921),  his 
former  demonstrator  at  Edinburgh,  with  a  wealth  of  lantern  slides 
on  December  1,  1893,  at  the  former  Examination  Hall  on  the  Victoria 
Embankment. 

William  Smith  Greenfield  was  bom  at  Salisbury  in  1846,  and  after 
education  at  University  College  and  Hospital,  London,  qualified  in 
1872,  and  took  the  M.D.  London  two  years  later.  From  1872  to  1874 
he  was  medical  registrar  at  St.  Thomas’s  Hospital,  where  his  interest 
was  specially  directed  to  the  pathology  of  the  thyroid ;  when  lecturer 
on  jDathology  in  the  Medical  School  he  started  a  voluntary  class  in 
morbid  histology  which  was  extremely  popular,  the  class  reaching  a 
total  of  eighty  students.  He  became  assistant  physician  to  St. 
Thomas’s  Hospital  in  1 877.  At  the  old  Pathological  Society  of  London 
he  was  extremely  active  and  in  particular  took  a  prominent  part  in 
the  discussion  of  lymphadenoma  in  1878  when  he  gave  an  independent 
account  of  the  characteristic  lymphadenoma  cells,  previously  de¬ 
scribed  by  Virchow  (1846)  and  Langerhans  (1872).  In  1878  he  was 
appointed  professor-superintendent  of  the  Brown  Institution  (Univer¬ 
sity  of  London)  in  succession  to  Sir  John  Burdon-Sanderson  (1828- 
1905)  who,  like  Greenfield,  had  combined  medical  practice  with 
scientific  work  until  his  election  to  this  post.  In  1881  he  was  elected 
professor  of  general  pathology  and  clinical  medicine  in  the  University 
of  Edinburgh  in  succession  to  W.  R.  Sanders  (1828-81)  and  against 
the  candidature  of  D.  J.  Hamilton  (1849-1909)  who  was  the  obvious 
Edinburgh  successor.  During  his  tenure  of  the  chair  (1881-1912) 
pathology  became  transformed  by  the  rise  of  bacteriology  and  allied 
advances,  and  accordingly  he  entirely  changed  the  matter  and 
character  of  its  teaching  at  Edinburgh.  As  professor  of  pathology  he 
was  physician  to  the  Royal  Infirmary  and  undertook  this  duty  with 
equal  seriousness.  His  obituary  notice  described  him  as  ‘a  master  of 
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the  art  of  teaching  clinical  diagnosis  by  a  mixture  of  banter,  raillery, 
and  seriousness  mixed  with  a  tinge,  and  often  more  than  a  tinge,  of 
sarcasm’.  A  friend  of  Henry  Drummond  (1851-97),  lecturer  on  natural 
science  at  the  Free  Church  College,  Glasgow,  and  author  of  Natural 
Law  in  the  Spiritual  World  (1883),  Greenfield  was  deeply  religious, 
conscientious,  and  a  stern  critic,  especially  of  his  own  work.  He 
accumulated  much  new  knowledge  which,  though  never  published, 
appeared  in  his  lectures,  as  the  note-books  of  his  students  show ;  thus 
from  1893  at  least  he  gave  all  the  essential  features  of  the  histology 
of  lymphadenoma,  which  were  confirmed  in  1902  independently  by 
F.  W.  Andrewes  (1859-1932)  in  London,  and  Dorothy  Reed  in  Balti¬ 
more.  It  is  piobable  that  had  he  not  accepted  the  call  to  give  the 
Bradshaw  Lecture  in  1893  his  researches  on  exophthalmic  goitre  would 
have  remained  hidden  in  his  own  note -books ;  this  indeed  was  the  fate 
of  his  book  on  diseases  of  the  kidneys,  which  when  completed  appeared 
to  require  revision  in  the  light  of  some  recent  continental  work,  and 
therefore  never  was  published.  After  his  resignation  in  1912  the  work 
he  had  carried  on  for  thirty-one  years  was  distributed  among  three 
professors— of  general  pathology,  bacteriology,  and  clinical  medicine. 
His  death  occurred  on  August  12,  1919,  at  Juniper  Green,  Midlothian. 

Brit.  Med.  Journ.,  1919,  ii.  255. 

About  the  same  time  as  Greenfield,  F.  von  Muller  described  the 
histological  changes  in  the  thyroid :  namely,  increase  in  the  number 
and  height  of  the  epithelial  cells  in  the  follicles,  thus  producing 
wrinkling  of  the  follicular  wall  with  the  appearance  of  papillary  in¬ 
growths,  and  a  diminution  in  the  amount  of  colloid. 

In  primary  Graves’s  disease  there  is  during  periods  of  hyperthy¬ 
roidism  a  hyperplastic  change  which  may  be  either  diffuse  or  localized 
(Rienhoff,  1931).  The  amount  of  secreting  tissue  is  increased,  the 
cubical  epithelial  cells  become  columnar,  more  numerous,  may  form 
papillary  elevations  and  more  than  one  layer  of  cells  lining  the  follicles 
which  are  irregular  in  size  with  a  ‘lace-like’  appearance  (Rienhoff). 
Greenfield  described  a  new  formation  of  duct-like  spaces  lined  by 
cubical  epithelium  and  resembling  sw^eat  glands.  As  W.  Edmunds 
(1850-1930)  pointed  out  in  1896  the  changes  are  of  the  same  character 
as  in  compensatory  hyperplasia  following  experimental  thyroidec¬ 
tomy.  Ludford  and  Cramer  (1928)  found  the  Golgi  apparatus,  wdiich 
is  always  situated  at  the  side  of  the  nucleus  directed  towards  the 
secreting  surface  of  the  cell,  reversed  in  its  normal  polarity,  and  near 
the  outer  surface  of  the  large  cells  of  the  follicles.  They  therefore 
concluded  that  the  thyroid  secretion  passed  directly  into  the  capil¬ 
laries  instead  of  as  normally  into  the  lumen  of  the  follicles,  and 
suggested  that  it  might  differ  from  the  normal  hormone. 

Lymphocytic  foci,  an  exaggeration  of  the  lymphocytes  normally 
present,  were  described  by  von  Gierke  (1907),  L.  B.  Wilson  (1908), 
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Borchardt  (1912),  Simmonds  (1913),  Roussy  and  Clunet  (1914), 
Warthin  (1928),  and  others.  These  foci  have  been  regarded  as  part 
of  the  status  lymphaticus.  Foci  of  eosinophil  cells  have  also  been 
described  (Roussy  and  Clunet).  The  amount  of  colloid  is  greatly 
diminished,  and  the  iodine  content  of  the  gland  is  also  very  low ; 
Wilson  and  Kendall  (1916)  found  it  reduced  to  T  or  to  T  of  the 
normal,  and  it  has  been  stated  to  be  entirely  absent. 

As  Rienhoff  and  Lewis  (1928)  showed,  by  examining  a  piece  of  the 
gland  during  a  hyperthyroid  aggravation  and  another  piece  later 
when  a  remission  had  been  induced  by  iodine,  the  histological  picture 
changes  during  a  remission.  The  amount  of  colloid  increases,  the 
acini  become  regular,  and  the  epithelial  cells  undergo  involution,  and 
in  some  areas  hyper-involution  gives  rise  to  colloid  cysts,  in  others 
hypo-involution  occurs.  As  the  result  of  repeated  remissions  and 
relapses  the  gland  tends  to  become  nodular,  and  resembles  the  con¬ 
dition  in  toxic  adenoma  (Rienhoff,  1926).  This  supports  the  conten¬ 
tion  that  primary  Graves’s  disease  and  toxic  adenoma  are  phases  of 
the  same  morbid  process  (‘toxic  goitre  ’ ).  In  two  cases  of  almost  com¬ 
plete  freedom  from  symptoms  after  subtotal  thyroidectomy,  Roussy, 
Huguenin,  and  Welti  (1934)  found  that  the  stump  of  the  thyroid  still 
showed  the  histological  changes  characteristic  of  Graves’s  disease. 

Primary  malignant  disease  of  the  thyroid  may  cause  thyrotoxicosis 
(Mori,  1913).  In  1909  Sattler  collected  16  cases,  of  which  11  were 
carcinoma,  3  sarcoma,  and  2  undefined.  The  symptoms  may  not 
appear  until  metastases  have  taken  place  (Lowy,  1909).  On  the  other 
hand,  primary  carcinoma  does  not  tend  to  supervene  in  the  goitre 
of  Graves’s  disease,  as  it  so  often  does  in  ordinary  goitre. 

According  to  Clute  (1933)  8  per  cent,  of  the  cases  show  foetal 
adenomas  which  may  become  carcinomatous,  and  of  this  sequence 
4  examples  were  reported.  Doubt,  however,  has  been  thrown  by 
Boyd  (1934)  on  the  carcinomatous  nature  of  this  hyperplasia  in 
Graves’s  disease. 

Willis  (1934)  collected  4  cases  of  secondary  growths  in  the  thyroid 
with  the  symptoms  of  Graves’s  disease.  But,  like  Simpson  (1926), 
he  regarded  the  case  of  secondary  thyroid  hypernephroma  recorded 
by  Kolodny  (1926)  as  a  primary  thyroid  adenoma. 

Over-activity  of  aberrant  thyroids  has  very  seldom  been  recorded 
as  giving  rise  to  thyrotoxicosis;  Phemister  and  Delaney  (1933) 
referred  to  2  somewhat  doubtful  cases  only,  both  in  the  tongue 
(Galisch,  1894;  Strauss,  1906).  In  ovarian  teratomas  containing 
thyroid  tissue  {vide  p.  412)  symptoms  of  toxic  goitre  have  disappeared 
after  the  removal  of  the  teratoma  (Kovacs,  1924 ;  Moench,  1929 ; 
Masson  and  Mueller,  1933). 


232 


THE  THYROID 

Pituitary.  Very  little  reference  to  the  state  of  the  pituitary  is 
usually  made  except  that  it  is  generally  small.  On  the  other  hand, 
enlargement  of  the  thyroid  and  some  signs  of  Graves’s  disease  are 
not  uncommon  in  acromegaly ;  the  anterior  pituitary  controls  the 
growth  and  functional  activity  of  the  thyroid  by  means  of  the 
thyrotropic  hormone,  and  experimental  removal  of  the  anterior 
pituitary  retards  development  and  causes  atrophy  of  the  thyroid 
(P.  E.  Smith,  1916;  Allen,  1916).  Drouet  (1934)  collected  a  few 
statements  of  evidence  of  hyperplasia  and  increased  activity  of  the 
anterior  pituitary. 

The  Thymus.  Enlargement  was  described  by  Markham  (1818-91) 
in  1858  who  recorded  Affection  of  the  heart,  with  enlargement  of  the 
thyroid  and  thymus  and  prominence  of  the  eyes’,  and,  though  not 
calling  it  ‘ exophthalmic  goitre’,  referred  to  Stokes’s  account.  The 
case  of  a  girl  with  dyspnoea,  a  swelling  in  the  neck,  and  post  mortem 
a  large  thyroid  and  a  very  large  thymus  recorded  in  1832  by  Sir 
Astley  Cooper  (1768-1841)  has  been  regarded  as  an  example  of 
Graves’s  disease  (Dudgeon,  1904 ;  Keynes,  1922).  A  doubtful  case  of 
a  large  thyroid  also  causing  dyspnoea  and  a  large  thymus  in  a  boy 
aged  16  years  was  reported  in  1850  by  H.  Davies  (1818-85).  These 
observations  did  not  attract  attention  for  some  time;  Goodhart 
(1845-1916)  in  1874  reported  a  case,  and  Hilton  Fagge  (1838-83)  in 
his  posthumous  Principles  and  Practice  of  Medicine  (1886),  which 
reflected  the  up-to-date  opinion  in  his  lifetime,  merely  remarked: 
‘It  is  perhaps  worthy  of  note  that  in  two  fatal  cases  at  Guy’s 
Hospital,  the  patients  being  29  and  21  years  old,  the  thymus 
was  persistent.’  In  1893  Marie  described  the  presence  of  a 'large 
thymus  in  Graves’s  disease,  cretinism,  myxoedema,  and  acromegaly. 
In  1895  Mikulicz  (1850-1905)  emphasized  its  occurrence  in  severe 
cases.  In  60  collected  cases  a  persistent  or  hyperplastic  thymus  was 
present  in  79  per  cent.,  and  in  those  of  post- operative  cardiac  death  in 

95  per  cent.  (Gapelle,  1908).  Eddy  in  1919  found  the  percentage  83 
in  240  cases. 

According  to  Hammar  (1921)  the  number  of  small  Hassall’s  cor¬ 
puscles  is  undoubtedly  increased.  Enlargement  and  delayed  involu¬ 
tion  of  the  corpuscles  was  described  in  2  cases  by  Mackenzie  and 
Edmunds  (1897),  but  otherwise  no  definite  change  was  found.  In 
one  part  of  the  thymus  Soupault  (1897)  found  a  collection  of  cysts 
lined  by  columnar  epithelium,  a  quite  exceptional  condition. 

The  lymphatic  glands,  especially  in  the  neighbourhood  of  the 
thyroid,  pericardium,  and  trachea,  are  often  enlarged ;  the  tonsils 
and  spleen  may  also  share  in  this  change. 

Heart.  Hypertrophy  and  dilatation  are  common.  Though  micro¬ 
scopical  lesions,  such  as  swelling  of  the  muscle  fibres  and  lipoid  change 
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(Wilson,  1923),  and  necrosis  of  the  muscular  fibres  without  naked-eye 
alteration  (Goodall  and  Rogers,  1927 ),  have  been  reported,  the  general 
experience  as  voiced  by  Hurxthal  (1931),  Lahey  (1934),  and  by 
Eggleston  (1934)  is  that  morbid  change  is  not  due  solely  to  thyrotoxi¬ 
cosis.  Graves's  disease  may  occur  in  the  subjects  of  rheumatic  cardiac 
disease  or  of  arteriosclerosis. 

Hypoplasia  of  the  adrenal  cortex  was  described  by  Pettavel  (1912) 
both  with  and  without  hyperplasia  of  the  thymus ;  in  the  same  year 
Matti  found  the  adrenals  very  small  in  association  with  a  large 
thymus.  From  observation  in  numerous  denervation  operations  (vide 
p.  257)  Crile  (1934)  described  well-marked  changes :  namely  increased 
size,  softer  and  more  brittle,  more  vascular,  and  not  of  the  normal 
golden-yellow  colour,  and  adherent  to  adjacent  parts. 

Liver.  The  glycogen  content  is  much  reduced.  Well-marked  chronic 
parenchymatous  hepatitis  was  found  in  half  of  the  livers  examined 
by  Weller  (1930) ;  and  in  10  out  of  26  cases  a  special  Basedowian 
‘form  of  interlobular  cirrhosis’  was  found  (Haban,  1933).  From 
observation  of  107  cases  Beaver  and  Pemberton  at  the  Mayo  Clinic 
in  1932  concluded  that  the  liver  might  show  acute  fatty  change, 
subacute  necrosis,  or  simple  atrophy. 

Parathyroids .  Humphry  in  1905  attached  importance  to  the 
presence  of  fat  in  the  parathyroids ;  this  was  shown  by  Shattock 
(1905)  to  be  a  normal  condition.  MacCallum  (1905)  described  the 
parathyroids  in  9  cases  as  practically  normal.  Stumme  (1907 )  recorded 
tuberculous  change  in  one  case. 

Osteoporosis  was  found  after  death  by  von  Recklinghausen  (1891) 
in  a  woman  aged  23  with  toxic  goitre  and  juvenile  osteomalacia. 
Subsequently  the  occurrence  of  osteoporosis  was  established  by 
Koeppen  (1892),  Kummer  (1917),  Bernhard  (1927),  and  by  Plummer 
and  Dunlap  (1928)  who  considered  it  to  be  usually  present ;  Donald 
Hunter  (1930)  estimated  that  it  occurred  in  half  the  cases.  The  bones 
of  the  limbs  are  long  and  slender,  the  phalanges  tapering  (Revilliod, 
1895),  and  the  joints  abnormally  flexible. 
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xv.  413  ;  Rienhoff,  W.  F.,  Arch.  Surg.,  Chicago,  1926,  xiii.  391 ;  idem,  Medicine, 
Baltimore,  1931,  x.  257  ;  Rienhoff,  W.  F.,  and  Lewis,  D.,  Arch.  Surg.,  Chicago, 
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Clinical  Manifestations.  The  symptoms  and  signs  of  primary 
Graves  s  disease  and  toxic  adenoma — a  distinction  between  them 
being  probably  artificial  and  the  two  therefore  suitably  described 
under  the  inclusive  title  of  toxic  goitre — are  very  numerous  and 
variable.  They  include  exophthalmos  and  other  eye  signs,  goitre, 
palpitation,  rapid  pulse,  cardiac  failure,  tremor,  nervousness, 
increased  metabolic  rate,  loss  of  weight,  intolerance  to  heat,  thyro¬ 
toxic  crises,  diarrhoea,  sweating,  cutaneous  pigmentation,  and 
muscular  weakness. 

The  onset  is  gradual,  but  a  sudden  aggravation  of  symptoms, 
previously  so  slight  as  to  escape  notice,  after  a  shock  or  fright  may 
appear  to  be  a  sudden  onset.  In  rare  instances  acute  cases  have  been 
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reported  ;  they  run  a  rapidly  fatal  course  with  “cardiac  asthma/'  severe 
tremor,  palpitation,  and  auricular  fibrillation  (Bram,  1934).  Pre¬ 
monitory  symptoms  are  a  constant  feeling  of  fatigue  and  loss  of  weight 
pointing  to  increased  metabolic  rate,  mental  irritability  or  depression, 
slight  tremor,  some  increase  in  the  pulse-rate  and  cutaneous  perspira¬ 
tion,  and  freedom  from  any  previous  liability  to  chilblains  (Murray, 
1920). 

Exophthalmos  or  more  correctly  Exophthalmia.  Many  problems  are 
connected  with  the  causation  of  protrusion  of  the  eyes.  Increase  in 
the  orbital  contents  of  several  kinds  has  been  suggested  ;  von  Basedow 
(1840)  ascribed  it  to  increase  in  the  amount  of  connective  tissue.  An 
excess  of  fat  has  been  regarded  as  responsible  (Demarres,  1853 ; 
Laqueur,  1861);  Murray  (1922)  found  half  an  ounce  of  fat  in  an 
emaciated  patient,  and  explained  changes  in  the  degree  of  exoph¬ 
thalmos  by  variations  in  the  amount  of  oedema ;  Benedict  found 
oedema  without  excess  of  fat  in  4  cases.  L.  B.  Wilson,  however,  in 
8  necropsies  failed  to  find  excess  of  fat  or  oedema.  Robert  Taylor 
(1815-88)  in  1856  regarded  engorgement  of  the  orbital  veins  as  re¬ 
sponsible. 

Increase  in  the  amount  of  the  humours  and  so  in  the  size  of  the 
eyeballs — hydrophthalmia — was  put  forward  in  1849  by  James 
Begbie  (1798-1869),  who  considered  that  the  increase  took  place  in 
the  vitreous  humour,  and  by  William  Stokes  (1854),  who  thought 
that  it  occurred  in  both  the  aqueous  and  vitreous. 

Weakness  of  the  external  ocular  muscles,  by  which  the  eyeballs  are 
retained  in  their  normal  position  in  the  orbit,  was  regarded  as  respon¬ 
sible  by  John  Dalrymple,  by  Traube,  and  by  von  Recklinghausen. 
More  recently  post-mortem  examinations  and  exploratory  opera¬ 
tions  have  lent  support  to  this  view ;  Wilson  found  degeneration  of 
the  muscles  after  death;  Naffziger  and  Jones  (1932)  and  W.  A. 
Plummer  and  Wilder  (1935)  described  enlargement  to  3  to  8  times 
their  normal  size  due  to  fibrosis  and  lymphocytic  infiltration  of  the 
degenerated  muscular  fibres. 

Laycock  (1812-76)  in  1863  concluded  that  it  was  part  of  a  nervous 
disorder,  in  some  instances  cranial,  in  others  spinal.  Spasm  of  the 
smooth  muscle-fibres,  described  by  H.  Muller  (1809-75)  in  1859  as 
bridging  over  the  inferior  orbital  fissure  and  the  posterior  part  of 
the  infra-orbital  canal,  and  by  Landstrom  (1869-1910)  in  1907  as 
attached  to  the  orbital  fissure  and  the  equator  of  the  eyeball,  has  been 
thought  to  cause  exophthalmos.  Stimulation  of  the  cervical  sym¬ 
pathetic,  which  supplies  both  these  sets  of  fibres,  has  produced  it 
(MacCallum  and  Cornell,  1904).  It  has  been  described  in  chronic  j 
nephritis,  especially  when  accompanied  by  hypertension  (Barker  and  [ 
Hanes,  1909).  On  the  other  hand,  the  smooth  muscle-fibres  are  so 
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few  and  rudimentary  in  man  that  Stopford  could  only  detect  them 
by  microscopic  examination  ;  it  is  therefore  improbable  that  they  are 
directly  responsible  for  exophthalmos  (Murray,  1922).  It  has  been 
suggested  that  they  may  be  so  indirectly  by  inducing  oedema  of  the 
orbital  tissues  by  pressure  on  lymphatics  and  small  veins. 

According  to  H.  S.  Plummer’s  ‘two-product’  hypothesis  the  fre¬ 
quency  of  exophthalmos  in  primary  Graves’s  disease  as  compared 
v  it h  its  rarity  in  secondary  Graves’s  disease  or  toxic  adenoma  is 
explained  as  follows:  primary  Graves’s  disease  is  due  to  both  an 
excess  of  normal  thyroxine  and  to  an  abnormal  thyroxine,  the  latter 
causing  exophthalmos  but  not  raising  the  basal  metabolic  rate; 
w  hereas  in  toxic  adenoma  there  is  an  excess  of  normal  thyroxine  only. 
Kunde  (1927),  however,  reported  that  thyroxine  caused  slight  exoph¬ 
thalmos  in  normal  and  a  well-marked  degree  in  thyroidectomized 

rabbits ;  for  cases  of  human  exophthalmos  due  to  the  use  of  thyroid 
see  p.  268. 

As  already  mentioned,  Marcel  Labbe  and  his  collaborators  (1931, 
1933)  believed  that  Graves’s  disease  consisted  of  two  elements:  (a) 
hyperthyroidism,  which  raises  the  metabolic  rate,  and  ( b )  a  neuro- 
sympathetic  syndrome  (  para-Basedowism  )  of  which  exophthalmos 
is  a  manifestation  and  will  persist  when  hyperthyroidism  has  been 
removed  by  iodine  or  thyroidectomy.  Drouet  (1934)  argued  that  the 
para-Basedowism  including  exophthalmos  is  due  to  hyperpituitarism, 
and  from  experimental  observations  Marine  and  Rosen  (1934)  con¬ 
cluded  that  it  is  due  to  the  increased  secretion  of  the  pituitary 
thyrotropic  hormone  which  is  poured  out  in  thyroid  inadequacy. 
Exophthalmos,  and  indeed  all  the  eye  signs  in  Graves’s  disease,  have 
been  ascribed  to  changes  in  the  diencephalon  and  mesencephalon 
(Viallefont  and  Lafon,  1934). 

Exophthalmos  may  be  an  early  sign,  or  be  the  last  to  appear  and 
then  persist  into  convalescence.  Usually  associated  with  a  raised 
metabolic  rate,  it  may  in  exceptional  cases  occur  without  any  rise 
in  the  metabolic  rate.  It  may  be  unequal,  appear  in  one  eye  before 
the  other,  or  be  unilateral ;  these  conditions  have  been  estimated  to 
occur  in  one-seventh  of  all  cases  (Wilbrand  and  Saenger,  1904).  In 
rare  instances  of  what  has  been  called  ‘malignant ’  exophthalmos 
inflammation  and  ulceration  may  occur,  as  was  recorded  by  Basedow 
(1840),  and  be  followed  by  perforation  and  panophthalmitis ;  Jessop 
(1853—191 7)  in  1896  collected  25  such  cases.  Males  in  advancing  life 
have  been  said  to  be  specially  prone  to  this  complication. 

Bitemporal  restriction  of  the  field  of  vision  has  been  reported  in 
a  few  cases,  and  ascribed  to  slight  pressure  exerted  on  the  optic 
chiasma  by  an  enlarged  pituitary ;  it  persists  after  thyroidectomy. 
It  supports  the  contention  that  toxic  goitre  is  primarily  due  to 
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hyPerpituitarism,  and  secondarily  to  hyperthyroidism  (Drouet, 
1934;  Drouet,  Jeandelize,  and  Gault,  1934).  The  extrinsic  ocular 
muscles,  especially  the  external  rectus  (‘Ballet’s  sign’),  may  be 
paretic.  An  excessive  flow  of  lachrymal  secretion  may  occur,  and 
has  been  compared  with  the  salivation  in  epidemic  encephalitis 
(Viallefort  and  Lafon,  1934).  Increased  sensitiveness  to  light  ac¬ 
companies  a  raised  metabolic  rate,  but  usually  diminishes  after 
thyroidectomy  (Albers,  Sheard,  and  Benedict,  1935). 

Dalrymple’s  sign  is  a  peculiar  staring  look  caused  by  the  widening 
of  the  palpebral  fissure  due  to  retraction  of  the  upper  eyelids.  John 
Dalrymple  (1803-52),  F.R.S.,  was  surgeon  to  the  Royal  Ophthalmic 
Hospital  (1852-49)  and  on  the  Council  of  the  Royal  College  of 
Surgeons  of  England.  His  friend  W.  White  Cooper  (1816-86),  writing 
in  1849,  mentioned  this  sign  as  having  been  described  by  Dalrymple, 
and  explained  it  as  due  to  constant  and  powerful  contraction  of  the 
levator  palpebrae  superioris  supplied  by  the  third  cranial  nerve.  It 
has  also  been  ascribed  to  spasm  of  smooth  muscular  fibres  in  the  upper 
and  lower  eyelids  (von  Graefe,  1857).  Dalrymple  apparently  attached 
so  little  importance  to  his  observation  that  he  never  published  a 
description  of  the  sign  by  which  his  name  is  now  mainly  remembered. 

Stellwag’ s  sign.  In  1869  Carl  Stellwag  von  Carion  (1828-1904) 
drew  attention  to  the  previously  unnoticed  sign  of  absence  or  in¬ 
completeness  of  the  involuntary  winking  which  normally  occurs  3  to 
10  times  a  minute  and  when  some  object  is  passed  across  the  field  of 
vision.  He  also  described  the  widening  of  the  palpebral  fissure  pre¬ 
viously  pointed  out  by  Dalrymple. 

Von  Graefe’s  sign  was  described  in  1864  as  a  loss  of  co-ordination 
between  the  lid  movement  and  the  raising  and  lowering  of  the  plane  of 
direction  by  Albrecht  von  Graefe  (1828-70).  It  has  been  ascribed  to 
tonic  contracture  of  the  smooth  muscular  fibres  described  by  Heinrich 
Muller;  but  Ruedemann  (1932),  who  considered  Jid-lag’  the  most 
suitable  title,  incriminated  spasm  of  the  levator  palpebrae  superioris. 

Mobiles’ s  sign ,  or  incomplete  convergence  of  the  eyes  when  an 
object  approaches  the  face,  was  described  in  1886  by  Paul  Julius 
Mobius  (1853-1907),  and  was  called  after  him  by  Charcot.  It  also 
occurs  in  association  with  myopia  of  more  than  10  diopters  and  in 
some  neurasthenic  subjects. 

Joffroy’ s  sign ,  or  absence  of  wrinkling  of  the  forehead  when  the 
patient  looks  upwards,  was  described  in  1893  by  Alexis  Joffroy  (1844- 
1908)  of  Paris ;  the  eponym  was  invented  by  Charcot. 

Gifford’ s  sign,  or  difficulty  in  everting  the  upper  eyelid,  was 
described  in  1906  by  Harold  Gifford  (1858-  ). 

Bryson’ s  sign.  In  1889  Louise  Fiske-Bryson  described  as  a  con¬ 
stant  sign  diminution  in  the  expansion  of  the  chest. 
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Jellinek' s  sign,  or  pigmentation  of  the  eyelids,  is  a  recent  (1904) 
and  little-used  eponym.  It  is  very  inconstant  and  is  said  to  be  most 
often  seen  in  young  subjects  with  primary  toxic  goitre  (Joll). 

Rosenbaclt  s  sign,  or  fine  tremor  of  the  eyelids,  is  one  of  the  four 
signs  attached  to  the  name  of  Ottomar  Rosenbach  (1851-1907)  of 
Berlin.  It  has  been  ascribed  to  spasm  of  the  levator  palpebrae 
superioris  (Ruedemann). 

Suker's  sign  is  deficient  complementary  fixation  during  lateral  rota¬ 
tion  of  the  eyes. 

Riesman s  signis  a  murmur,  vascular  or  due  to  tremor  of  the  orbicu¬ 
laris  palpebrarum,  heard  when  a  stethoscope  is  applied  to  the  closed 
eye. 

Topol  anski’s  sign  is  congestion  of  the  anterior  segment  of  the  eye. 

Loewi's  test  is  dilatation  of  the  pupil  after  instillation  of  a  1  in  1,000 
solution  of  adrenaline  into  the  conjunctival  sac;  it  is  evidence  of 
hypersensitivity  of  the  sympathetic,  and  is  more  often  positive  in 
toxic  goitre  than  in  normal  persons. 

Goitre.  The  enlargement  varies  considerably,  and  may  be  slight ; 
among  180  cases  it  was  absent  in  8  (Murray,  1905) ;  but  this  may  be 
because  the  hypertrophied  part  is  behind  the  trachea.  In  the  young 
and  in  primary  Graves’s  disease  it  is  diffuse,  whereas  in  toxic  adenoma 
it  is  nodular.  A  bruit  may  be  audible  and  even  a  thrill  palpable 
over  the  gland  ;  a  double  murmur  has  been  said  to  be  pathognomonic 
(Gutman,  1933). 

Prominence  of  the  cardiac  manifestations  was  recognized  from  the 
time  Parry  made  his  first  observations,  and  the  thyrotoxic  heart 
with  the  liability  to  auricular  fibrillation  is  a  modern  synonym  for  the 
condition  he  described.  The  heart  beats  forcibly,  the  sounds  are  loud, 
and  systolic  murmurs  at  both  bases  and  apex  are  common.  The  apex- 
beat  is  widely  palpable.  The  electrocardiogram  may  be  normal  or 
show  modification  of  the  Q,  R,  S  complex,  inversion  of  the  T  wave  in 
leads  I  and  II.  Palpitation  and  rapid  pulse  are  prominent ;  arrhyth¬ 
mia,  extrasystoles,  paroxysms  of  auricular  fibrillation  and  flutter 
may  occur;  and  auricular  fibrillation  and  congestive  heart  failure 
may  become  established.  The  more  serious  forms  are  commoner  in 
secondary  Graves’s  disease  or  toxic  adenoma. 

Among  242  cases  of  primary  Graves’s  disease  auricular  fibrillation 
occurred  in  9-5  per  cent.,  whereas  among  85  cases  of  toxic  adenoma 
with  a  much  higher  average  age  (54  years)  auricular  fibrillation 
occurred  in  32  per  cent.  (Marsh,  1931). 

The  circulatory  rate  is  much  increased  (Liljestrand  and  Stenstrom, 
1925),  and  the  more  severe  the  disease,  as  measured  by  oxygen 
consumption,  the  greater  as  a  rule  the  increase  in  the  circulation  rate  ; 
Boothby  and  Rynearson  (1935)  also  concluded  that  the  subjects  of 
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hyperthyroidism  untreated  by  iodine  had  in  the  circulation  a  stimu¬ 
lating  substance  which  caused  a  greater  increase  in  the  circulation 
rate  than  occurs  in  normal  persons  as  the  result  of  a  corresponding 
increase  in  oxygen  consumption  due  to  work. 

Various  explanations  have  been  given  for  the  thyrotoxic  heart  in 
primary  exophthalmic  goitre  and  toxic  adenoma,  such  as  overwork 
and  tachycardia  (Lahey,  1929  ;  P.  White,  1931 ),  or  diminution  in  the 
amount  of  glycogen  in  the  myocardium  due  to  thyrotoxicosis.  In 
favour  of  the  last  explanation  is  the  improvement  after  insulin  and 
glucose  ( vide  p.  253).  The  question  whether  or  not  thyrotoxicosis 
causes  permanent  organic  disease  of  the  myocardium  has  been  in¬ 
vestigated;  Bach  and  Bourne  (1933),  from  examination  of  36  persons 
who  had  recovered  from  the  disease,  concluded  that  thyrotoxicosis 
alone  does  not  permanently  damage  a  normal  myocardium,  but  may 
produce  an  additional  lesion  in  a  cardiac  muscle  already  affected  with 
myocarditis.  The  experimental  results  of  Menne,  F.  R.,  Jones,  0., 
and  Jones,  N.  W.  (1934)  support  the  view  that  myocardial  lesions 
are  not  specific  to  hyperthyroidism  but  are  probably  of  mechanical  or 
nutritional  origin. 

The  heart  manifestations  have  been  divided  into  (a)  those  due  to 
Graves’s  disease,  and,  according  to  Labbe  (1933),  to  disorder  of  the 
neuro- vegetative  system,  which  are  more  prominent  than  serious, 
and  (6)  those  due  to  independent  organic  lesions  of  the  heart  which 
are  prone  to  cause  congestive  heart  failure  (Berard  and  Colson,  1904). 
Willius  and  Boothby  (1923)  somewhat  minimized  the  incidence  of 
fatal  cardiac  failure ;  they  found  that  a  quarter  of  all  cases  had 
auricular  fibrillation,  and  that  death  from  acute  hyperthyroid  crises, 
contrary  to  what  has  sometimes  been  stated,  is  not  cardiac. 

General  dilatation  of  the  cutaneous  vessels  is  extremely  common 
and  is  accompanied  by  increased  warmth  of  the  skin  and  capillary  pul¬ 
sation,  the  latter,  according  to  T.  Lewis,  being  always  present  when 
there  is  visible  vaso-dilatation,  though  some  experience  may  be  needed 
for  its  detention.  The  carotids  may  leap  as  in  aortic  regurgitation 
and  shake  the  head  and  the  body ;  this  has  been  called  k  de  Musset’s 
sign’  (Paul  de  Musset  described  it  in  his  brother  L.  C.  A.  de  Musset 
(1810-57)  the  poet,  who  died  of  aortic  disease).  Pulsation  of  the 
retinal  arteries  may  also  be  seen,  and  pulsation  of  the  abdominal 
aorta  may  worry  the  patient. 

The  arterial  blood-pressure  has  been  much  investigated,  and  some¬ 
what  discordant  opinions  have  been  expressed.  On  balance  it  appears 
that  at  the  outset  there  is  a  moderate  rise  in  the  systolic  pressure  while 
the  diastolic  is  not  raised  and  may  be  depressed,  so  that  the  pulse 
pressure  is  increased  (Giraud,  1931).  Divergence  of  opinion  on  the 
question  whether  or  not  the  systolic  pressure  is  raised,  may  perhaps 


240 


THE  THYROID 


be  explained  by  the  conclusion  of  Goodall  and  Rogers  (1920)  that 
there  are  three  phases  in  the  course  of  the  disease :  ( 1 )  a  short  stage 
of  primary  hypertension  due  to  the  vaso- constriction  caused  by  an 
emotional  output  of  adrenaline,  (2)  a  stage  of  low  blood-pressure, 
lasting  for  years,  and  due  to  vaso-dilatation  caused  by  thyroid 
secretion,  and  (3)  a  late  stage  of  high  blood-pressure  due  to  secondary 
changes  in  the  cardio-vascular  system  and  reduction  in  the  thyroid 
activity.  These  observers  regarded  the  systolic  pressure  as  usually 
lower  than  normal,  the  pulse  pressure  smaller  than  normal,  the 
diurnal  variations  exaggerated,  and  a  low  systolic  pressure  favour¬ 
able  to  thyroidectomy.  Alvarez  and  Zimmermann  (1926)  found  that 
in  women,  whether  with  hyperthyroidism  or  hypothyroidism,  the 
systolic  pressure  is  raised,  and  concluded  that  this  is  not  due  to 
changes  in  the  amount  of  thyroxine,  but  depends  on  the  primary 
disturbance  which  damages  the  thyroid  in  one  way  or  another. 
Essential  hypertension  has  been  thought  to  be  a  sequela  of  thyro¬ 
toxicosis.  Bach  and  Bourne  (1932)  and  Fishberg  (1934)  believed  that 
essential  hypertension  is  more  common  in  middle-aged  persons  who 
suffer  or  have  suffered  from  toxic  goitre  than  in  the  rest  of  the  popula¬ 
tion,  but  that  this  is  more  probably  due  to  a  constitutional  prone - 
ness  to  hypertension  than  directly  to  thyrotoxicosis.  According  to 
Hurxthal  (1933)  essential  hypertension  is  not  aetiologically  related 
to  Graves’s  disease.  Thyrotoxic  hypertension  was  described  by 
Parkinson  and  Hoyle  (1934)  as  rare  under  40  years  of  age,  usually  in 
women  between  the  ages  of  45  and  65,  two-thirds  of  whom  have  had 
a  goitre  for  some  years  though  it  may  be  small  and  overlooked,  with 
tachycardia,  nervousness,  a  systolic  blood-pressure  of  170-240  mm. 
Hg,  and  a  low  diastolic  pressure ;  auricular  fibrillation  is  prone  to 
occur  in  paroxysms  and  may  become  permanent. 

Nervous  symptoms  are  the  most  constant  and  are  of  many  kinds. 
Nervousness,  liability  to  start,  restlessness,  mental  irritability  which 
may  advance  into  more  serious  aberration,  delusions  of  persecution, 
mania,  melancholia. 

Tremor ,  originally  mentioned  by  von  Basedow  in  1840,  was  reported 
in  the  first  case  published  in  France  in  1856  by  Charcot,  who  stated 
that  it  might  appear  very  early  in  the  course  of  the  disease.  Fereol 
(1874)  correlated  what  he  called  ‘cardio-vascular  ataxia’  with  the 
motor  disorder,  and  Gueneau  de  Mussy  (1814-92)  wrote  on  tremor 
in  1881.  It  was  described  as  a  cardinal  sign  by  Pierre  Marie  in  1883, 
as  fine,  8J  per  second  on  an  average,  more  rapid  than  senile  tremor, 
twice  as  frequent  as  in  paralysis  agitans,  and  distinguishable  from  the 
singularly  rapid  tremor  of  alcoholism  and  general  paralysis  of  the 
insane  by  not  affecting  the  individual  digits.  Byrom  Bramwell  (1890) 
confirmed  these  points.  Sanger  (1926)  described  the  tremor,  par- 
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ticularly  of  the  fingers  as  incoordinated,  each  linger  vibrating  at 
a  different  phase  and  not  synchronized.  Dieulafoy  (1839-1911)  in 
1908  drew  attention  to  movements  of  a  choreiform  character.  In 
rare  instances  tetany  has  been  recorded. 

Dupre  and  Guillain  (1900),  who  collected  some  cases,  ascribed  their 
example  to  diarrhoea.  Ask-ITpmark  (1932)  divided  the  cases  into 
(a)  those  in  which  the  hyperthyroidism  is  primary  and  the  tetany 
perhaps  merely  an  exaggeration  of  the  neuro -muscular  irritability  and 
thus  on  the  same  footing  as  the  choreiform  movements,  and  (6)  those 
in  which  the  tetany  is  primary  and  the  hyperthyroidism  secondary. 

Though  thyrotoxic  crises  may  appear  to  occur  spontaneously, 
they  may  be  precipitated  by  infections  or  by  operations,  slight  or 
thyroidectomy.  They  are  of  serious  prognosis.  Among  123  fatal 
cases  72,  or  60  per  cent.,  followed  operation  (Bayley,  1934).  They  are 
ushered  in  by  insomnia,  sweating,  increased  nervousness,  diarrhoea, 
a  rising  pulse-rate,  and  slight  mental  symptoms.  In  the  crises  these 
symptoms  are  exaggerated  and  mental  derangement  or  coma  may 
supervene.  According  to  Goetsch  and  Ritzmann  (1934),  the  reactions 
after  thyroidectomy  are  identical  with  those  produced  by  adrenaline, 
namely  tremor,  throbbing,  flushing,  sweating,  rise  in  the  systolic 
and  pulse  pressures,  increased  pulse -rate,  rise  of  temperature  and  of 
the  blood-sugar,  and  a  mononuclear  leucocytosis.  Thyroidectomy  was 
thought  to  induce  an  excessive  secretion  of  adrenaline  which  stimu¬ 
lates  the  sympathetic  rendered  hypersensitive  by  hyperthyroidism. 

The  Goetsch  test  was  proposed  in  1918  by  Goetsch.  A  positive 
reaction  is  that  after  injection  of  0-5  c.c.  of  a  (1  in  1,000)  solution  of 
adrenaline  the  pulse  rate  rises  ten  beats  in  the  minute  and  the  blood 
pressure  goes  up  ten  points.  It  has  been  ascribed  to  sensitization  of 
the  sympathetic  to  adrenaline.  Though  present  in  many  cases  of  toxic 
goitre,  it  also  occurs  in  other  states  of  autonomic  disorder:  it  has 
been  found  to  be  positive  in  60  per  cent,  of  the  ‘irritable  heart  of 
soldiers’  (Wearn  and  Sturgis,  1919);  Peabody  (1881-1927)  in  1921 
reported  it  as  positive  in  48  per  cent,  of  cases  of  effort  syndrome,  and 
in  57  per  cent,  of  convalescents  from  acute  infections. 

The  patients  are  said  to  be  sensitive  to  adrenaline  and  tolerant  to 
morphine  and  quinine. 

Muscular  weakness  is  common ;  it  may  be  due  to  thyrotoxicosis, 
cardiac  inadequacy,  or  emaciation.  It  is  an  early  symptom  and  may 
be  the  first.  Charvat  and  Silink  (1934),  who  suggested  that  possibly 
it  is  due  to  adrenal  insufficiency,  found  it  in  all  but  3  out  of  210  cases, 
in  40  of  which  it  was  the  initial  symptom.  Paresis,  hemiplegic  and 
paraplegic,  sometimes  permanent,  sometimes  temporary,  and  con¬ 
vulsions  were  described  in  1883  by  G.  Ballet  (1853-1916)  one  of 
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Charcot’s  pupils.  He  referred  to  cases  of  hemiplegia  recorded  by 
Teissier  of  Lyons  in  1863  and  by  Cheadle  in  1869.  The  transient 
paresis  always  involved  the  lower  limbs  and  persisted  longer  in  them 
than  in  the  arms  (Basedowian  paralysis,  Charcot).  Dieulafoy  (1839- 
1911)  in  1898  also  recorded  widespread  muscular  paresis  as  an  un¬ 
usual  manifestation.  This  periodic  paresis  was  later  described  as 
resembling  familial  periodic  paralysis  except  for  the  absence  of  any 
familial  incidence  (Shinosaki,  1926 ;  Dunlap  and  Kepler,  1931 ;  Mora, 
1932).  The  threshold  for  electrical  stimulation  of  motor  nerves  is 
considerably  lowered  (Northfield,  1934). 

The  Blood.  Some  degree  of  simple  anaemia  is  not  uncommon ; 
James  Begbie  in  1849  insisted  on  the  causal  importance  of  anaemia. 
Addisonian  anaemia  has  in  rare  instances  been  combined  with  toxic 
goitre. 

Eleven  such  cases,  all  in  women  with  achlorhydria,  were  collected 
by  Meulengracht  and  Hartfall  (1934)  who  suggested  that  it  is  most 
satisfactorily  explained  ‘upon  a  basis  of  gastric  defect  brought  about 
by  a  thyrotoxic  state  or  upon  a  correlated  constitutional  basis  of  the 
two  conditions’. 

Differential  White  Count.  In  1908  T.  Kocher  pointed  out  the 
presence  of  lymphocytosis  which  he  regarded  as  an  index  of  the 
severity  of  the  disease.  In  1928  Menkin  found  a  relative  lympho¬ 
cytosis  in  67  out  of  100  cases,  its  incidence  being  rather  more  frequent 
in  those  with  exophthalmos ;  he  ascribed  it  to  stimulation  of  the 
lymphoid  tissues,  especially  in  the  spleen,  by  the  sympathetic.  In 
1932  Friedgood  insisted  on  the  resemblance  of  Graves’s  disease  to 
chronic  lymphoid  leukaemia  as  shown  by  the  occurrence  in  both  of 
a  raised  metabolic  rate  which  may  be  reduced  by  Lugol’s  solution, 
exacerbations  and  remissions,  enlarged  thymus,  and  exophthalmos, 
stated  to  be  not  infrequent  in  chronic  lymphoid  leukaemia.  In  1910 
Kocher  and  Hector  Mackenzie  emphasized  the  risk  of  operation  in 
cases  of  Graves’s  disease  with  lymphatism.  As  mentioned  on  p.  448, 
the  existence  of  the  status  thymico-lymphaticus  or  lymphatism  has 
been  contested  on  statistical  and  pathological  grounds  (Major  Green¬ 
wood  and  Hilda  Woods,  1927  ;  Young  and  Turnbull,  1931). 

In  1932  Anderson  found  that  25  patients  with  toxic  goitre  all 
showed  a  higher  alimentary  blood-sugar  curve  than  normal  persons, 
and  all  had  transient  glycosuria  during,  but  not  constantly  through¬ 
out,  the  24  hours.  It  has  been  suggested  (Sanger  and  Hun,  1922) 
that  the  diminished  sugar  tolerance  is  due  to  hepatic  damage,  such 
as  focal  necroses  caused  by  thyrotoxicosis.  Examination  of  44 
patients  with  hyperthyroidism  by  tests  for  hepatic  efficiency  has 
shown  that  half  of  them  have  a  positive  reaction  (Youmans  and 
Warfield,  1926).  The  increased  amount  of  lactic  acid  in  the  blood 
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after  exercise  has  been  explained  by  failure  of  the  liver  to  convert 
lactic  acid  into  glycogen  (Buell  and  Strauss,  1934). 

The  blood- cholesterol  has  been  found  to  be  low  and  to  run  parallel 
with  the  basal  metabolic  rate,  and,  like  it,  to  be  improved  by  pre- 
operative  treatment  and  especially  by  subtotal  thyroidectomy 
(Hurxthal,  1933).  The  serum  calcium  is  normal  or  low  (Jansen, 
1922).  An  increased  iodine  content  of  the  blood  runs  parallel  with 
the  raised  metabolic  rate  (Elmer  and  Scheps,  1934). 

Urine.  Slight  albuminuria  is  common  and  may  be  intermittent, 
as  was  noticed  by  War  burton  Begbie  (1826-76)  in  1863.  The 
association  of  glycosuria  with  toxic  goitre  was  noticed  by  Dumont- 
pallier  in  1867,  and  by  Lauder  Brunton  in  1874  ;  but  was  regarded  as 
a  rare  coincidence  until  E.  von  Muller  (1906)  associated  glycosuria 
with  hyperthyroidism.  The  liability  to  transient  alimentary  hyper- 
glycaemia  and  glycosuria  is  now  established. 

The  melanophore-dilating  principle,  formed  in  the  pars  distalis 
as  well  as  the  pars  intermedia  of  the  anterior  pituitary,  has  been 
found  in  the  urine  (Collin  and  Drouet,  1933).  Aron  (1930)  stated 
that  the  urine  contains  less  of  the  thyroid- stimulating  principle  than 
in  health,  and  explains  this  on  the  hypothesis  that  excessive  secretion 
of  thyroxine  inhibits  secretion  of  the  thyroid- stimulating  hormone  of 
the  anterior  pituitary.  This  process  appears  to  resemble  somewhat 
that  described  by  Collip  (1934)  as  the  experimental  result  of  repeated 
injections  of  the  pituitary  thyrotropic  hormone,  namely,  the  produc¬ 
tion  of  an  inhibitory  principle  or  anti-hormone ;  the  blood  of  the 
non-reacting  animals  contained  the  inhibitory  principle  as  shown  by 
its  injection  into  normal  animals.  The  excretion  of  calcium  and 
phosphorus  is  increased.  In  severe  cases  the  urine  has  been  found 
to  contain  an  excess  of  iodine  (Elmer  and  Scheps,  1934). 

Alimentary  System. .  Thirst  is  not  uncommon;  appetite  is  seldom 
impaired,  apart  from  hyperthyroid  crises  with  nausea  and  vomiting 
which  may  be  severe  and  exhausting.  In  some  cases  the  appetite 
is  excessive.  Paroxysmal  diarrhoea  associated  with  tremor  was 
described  by  Marie  in  1883  and  was  compared  to  the  gastric  crises  of 
tabes  by  Charcot.  Achlorhydria  is  common ;  Lerman  and  Means 
(1931)  found  it  in  19,  or  38  per  cent.,  out  of  50  cases  after  stimulation 
by  histamine.  Jaundice  occasionally  occurs,  and  being  associated 
with  hepatic  lesions  (vide  p.  233)  renders  the  outlook  very  grave. 
The  rapid  passage  of  food  through  the  small  intestine  was  shown 
by  X-ray  meals  in  42  cases  by  Shirer  (1933)  who  found  that  after 
operative  treatment  this  hypermobility  nearly  always  diminished. 
This  acceleration  of  food  through  the  small  intestine  must  diminish 
the  digestion  and  absorption  of  food,  and  so,  with  the  increased 
metabolic  rate,  plays  a  causal  part  in  the  loss  of  weight.  Loss  of 
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weight  even  wken  the  appetite  is  excessive  may  be  so  pronounced 
as  to  cause  emaciation.  On  the  other  hand,  in  cases  with  the  charac¬ 
teristic  signs  and  symptoms,  including  a  raised  metabolic  rate,  a 
progressive  gain  in  weight  has  been  recorded  (Rynearson,  1933 ; 
Bram,  1934). 

Basal  Metabolic  Rate.  In  1893  Friedrich  von  Muller  (1858-  ), 

from  the  occurrence  of  wasting  although  a  full  diet  w^as  taken,  sug¬ 
gested  that  the  total  metabolism  was  increased,  and  in  1895  Adolf 
Magnus-Levy  (1865-  ),  a  pupil  of  Zuntz  (1847-1920),  demon¬ 

strated  this.  The  invention  of  suitable  apparatus  in  1912  at  the 
Russell  Sage  Institute  of  Pathology  at  the  Bellevue  Hospital,  led  to 
the  routine  employment  of  this  method.  In  exceptional  instances 
both  of  primary  Graves’s  disease  and  of  toxic  adenoma  (W.  A. 
Plummer,  1931)  the  metabolic  rate  appears  not  to  be  raised  and  loss 
of  weight  does  not  occur ;  this  may  be  found  in  cases  treated  by 
thyroidectomy,  iodine,  X-rays,  and  in  cases  described  as  ‘burnt  out’ 
(Brain,  1934).  On  the  other  hand,  in  a  doubtful  case  a  high  initial 
basal  metabolic  rate  may  be  due  to  nervousness  and  fear,  and  the 
estimation  should  be  repeated  before  it  is  regarded  as  pointing 
definitely  to  a  diagnosis  of  hyperthyroidism  (Plummer,  Davis,  and 
Rynearson,  1933;  Plummer,  1935). 

There  may  be  a  moderate  rise  of  temperature  which  with  the  rapid 
pulse  and  raised  basal  metabolic  rate  are  due  to  hyperthyroidism. 
Attacks  of  dyspnoea  may  occur  and,  though  they  maybe  mechanical 
and  due  to  pressure  on  the  trachea  or  on  the  vagus  or  recurrent 
laryngeal  nerves,  be  partly  caused  by  toxaemia. 

The  skin  is  usually  warm  and  moist.  Pigmentation  was  pointed  out 
by  James  Begbie  in  1862,  and  is  chiefly  seen  in  severe  cases  of  long 
duration,  and  in  the  vagotonic  type  of  cases  (Halsted,  1914).  It  has 
been  estimated  to  be  present  in  4  out  of  every  5  severe  cases  (F.  von 
Muller),  and  in  12-5  per  cent.  (Kocher,  1908),  18  per  cent.  (Sattler, 
1909),  or  23  per  cent.  (Murray,  1905)  of  all  cases.  It  is  often  present 
round  the  eyes ,  in  rare  cases,  as  in  that  published  by  Drummond 
(1887 )  it  has  been  intense  and  like  mahogany,  and  has  been  so  striking 
as  to  suggest  a  diagnosis  of  Graves’s  disease  complicated  by  Addison’s 
disease;  Gowers  (1893)  referred  to  a  case  in  which  pigmentation  of 
this  kind  entirely  disappeared  ;  Moutard-Martin  and  Malloizel  (1903) 
collected  9  cases  of  this  kind ;  in  some  instances  the  thyroid  symp¬ 
toms  precede  those  of  Addison's  disease,  in  others  those  ascribed  to 
Addison  s  disease  appear  first  (Etienne  (1866—1935)  and  Richards, 
1926).  The  museum  of  St.  Bartholomew  s  Hospital  contains  a  draw¬ 
ing  of  such  a  case.  Ramond  and  Francois  (1917)  treated  such  cases 
with  a  combination  of  adrenal  and  thyroid  preparations ;  in  a  case 
complicated  by  acute  hypothyroidism  it  wra,s  unilateral  (West,  1906). 
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There  may  be  patches  of  diminished  pigmentation  (vitiligo).  The 
association  with  sclerodermia  has  been  reported  ;  Dupre  and  Guillain 
(1900)  collected  12  cases,  and  Marinesco  and  Goldstein  (1913)  36 
examples.  Urticaria,  toxic  pruritus,  and  areas  of  oedema  around  the 
eyes  may  also  occur.  Dermatographia  is  easily  excited.  Flushing  of 
the  face  and  neck  with  a  feeling  of  heat  is  common.  Increased  per¬ 
spiration  may  be  annoying  and  accounts  for  the  diminution  of  the 
electrical  resistance  of  the  skin  to  the  constant  current,  noticed  by 
Charcot  in  1882  and  described  by  Vigouroux  in  1887.  The  influence 
of  the  thyroid  on  the  resistance  of  the  body  to  alternating  currents 
was  investigated  by  Lueg  and  Grasheim  (1929),  and  Brazier  (1934) 
using  a  special  apparatus  for  measuring  the  resistance  of  the  body 
to  alternating  currents  of  high  frequency  showed  that  "this  angle 
of  impedance’  is  a  very  valuable  guide  in  the  diagnosis  of  thyro¬ 
toxicosis  and  is  specific  to  a  thyroid  factor. 

Oedema  is  common  and  of  several  kinds ;  it  may  be  cardiac,  due 
to  hypothyroidism  and  of  a  specially  solid  non-pitting  character 
described  by  Basedow.  It  may  be  transient  and  circumscribed  some¬ 
what  like  sclerodermia,  and  was  formerly  regarded  as  nervous  in 
origin  (Rendu,  1883)  and  extremely  common  (Maude,  1891). 

Intermittent  hydrarthrosis  has  been  known  to  occur ;  cough  may 
be  troublesome. 

Sexual  Organs.  Amenorrhoea,  as  pointed  out  by  Cheadle  (1869), 
precedes  and  accompanies  the  disease,  passing  away  with  recovery. 
Menorrhagia  may,  however,  occur,  especially  in  incomplete  cases 
(A.  W.  Bourne,  1922).  In  males  impotence  has  occasionally  been 
reported.  Left  gynaecomastia  without  secretion  was  reported  in  two 
males  by  Maranon  (1932). 

Incomplete  Forms.  Trousseau  in  1860  described  the  incomplete 
or  fruste  forms.  P.  Marie  followed  this  up  in  his  Paris  thesis  in  1883, 
Charcot  wrote  on  it  in  1885,  and  Chvostek  (1887)  described  forms  with 
one  symptom  only.  In  few  diseases  is  there  such  a  wide  variation  in 
the  number  and  grouping  of  the  symptoms ;  thus  from  observation 
of  4,000  cases  Bram  described  26  types.  It  has  been  argued  that 
fruste  forms  without  a  raised  metabolic  rate  and  without  hyper¬ 
thyroidism  are  examples  of  para-Basedowism  or  the  neuro- vegetative 
syndrome  (Labbe,  1934;  Drouet,  1934).  An  "apathetic’  form,  in 
contrast  to  the  typical  activated  hyperthyroidism,  was  described  by 
Lahey  (1930) ;  it  is  characterized  by  calmness  rather  than  emotion¬ 
alism,  small  ‘pebbly  ’  thyroids,  pigmented,  wrinkled,  cool  skin,  loss  of 
weight,  usually  by  absence  of  exophthalmos,  and  its  frequent  incidence 
in  advanced  life. 

Particular  importance  attaches  to  cases  in  which  the  clinical  picture 
is  so  incomplete  that  a  rapid  pulse  or  other  cardiac  manifestations 
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are  the  prominent  features.  In  these  cases  a  raised  metabolic  rate 
may  suggest  that  thyrotoxicosis  is  the  responsible  factor.  Levine 
and  Sturgis,  and  Lahey  and  Hamilton  in  1924  called  attention  to 
masked  hyperthyroidism,  and  Levine  and  Walker  in  1929  to  cases 
of  angina  cured  when  a  latent  hyperthyroidism  was  recognized  and 
treated  by  subtotal  thyroidectomy.  The  beneficial  effect  of  subtotal 
thyroidectomy  has  been  ascribed  to  diminution  of  blood  velocity, 
and  so  the  relief  to  the  heart ;  for  it  has  been  shown  (Blumgart, 
Cargill,  and  Gilligan,  1933)  that  blood  velocity  and  the  basal  meta¬ 
bolic  rate  run  parallel.  This  method  of  relieving  the  heart  by  total 
thyroidectomy  has  been  extended  to  cases  of  congestive  heart  failure 
and  angina  pectoris  without  any  clinical  or  pathological  evidence  of 
thyroid  toxicity  (Blumgart,  Riseman,  Davis,  and  Berlin,  1933). 
From  operation  experience  of  312  Hhyrocardiac  (out  of  12,000  thy¬ 
roid  operations)  patients  Lahey  (1934)  found  that  they  bore  thy¬ 
roidectomy  well.  In  these  cases  thyroidectomy  immediately  relieves 
chest  pains  not  due  to  exertion,  cutaneous  hyperaesthesia,  and  deep 
tenderness ;  this  relief  is  temporary  and  has  been  ascribed  to  inter¬ 
ruption  during  the  operation  of  afferent  impulses  from  the  heart 
to  the  central  nervous  system ;  permanent  freedom  from  pain  does 
not  follow  until,  after  some  time,  the  basal  metabolic  rate  has  fallen 
and  a  hypothyroid  state  has  developed  (Weinstein,  Davis,  Berlin,  and 
Blumgart,  1934).  According  to  Thomas  Lewis  (1933)  hyperthy¬ 
roidism  should  always  be  thought  of  in  auricular  fibrillation  when  it 
is  paroxysmal,  when  it  is  recent  and  persistent,  and  when  of  longer 
duration  and  unexpectedly  resistant  to  treatment. 

Myxoedematous  manifestations  occasionally  occur  in  the  course  of 
toxic  goitre,  so  that  there  appears  to  be  a  combination  or  mixture  of 
the  two  usually  opposite  reactions.  In  these  cases  the  first  manifesta¬ 
tions  are  those  of  toxic  goitre,  and  subsequently  those  of  thyroid 
insufficiency  supervene,  so  that  myxoedema  may  be  described  as  a 
complication  of  toxic  goitre.  This  condition  has  been  called  dys- 
thyroidism,  a  term  which  has  also  been  used  for  an  abnormal 
secretory  activity  of  the  thyroid.  There  are  apparently  two  classes 
of  cases:  (i)  those  of  somewhat  chronic  and  often  comparatively 
mild  character.  Some  cases  present  a  solid  oedema  of  the  nature 
seen  in  myxoedema.  This  oedema  has  sometimes  been  regarded  as 
that  commonly  due  to  cardiac  failure.  In  1883  Rendu  described  a 
condition,  which  he  believed  had  escaped  observation,  of  solid  sym¬ 
metrical  oedema  in  the  supraclavicular  fossae  and  neck.  Sollier  ( 1891 ) 
reported  two  examples  of  a  more  widespread  solid  non-pitting  oedema, 
such  as  was  described  by  Basedow;  O'Leary  (1930)  collected  8 
examples  of  solid  oedema  of  the  extremities,  and  Netherton  and 
Mulvey  (1935)  collected  35  examples  of  this  condition  which  they 
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called  ‘local  myxoedema’.  In  these  cases,  as  Mackenzie  (1908) 
pointed  out,  the  oedema  is  removed  by  thyroid  treatment.  Zum 
Busch  (1895)  recorded  the  case  of  a  woman  aged  21  with  toxic  goitre, 
in  whom  symptoms  of  myxoedema  came  on ;  these  were  relieved  by 
thyroid,  but  the  exophthalmos  and  von  Graefe’s  sign  persisted. 

Incomplete  or  fruste  cases  may  show  a  combination  of  hyper¬ 
thyroidism  with  hypothyroidism;  Bertine  (1916)  reported  this  con¬ 
dition  in  33  out  of  134  cases  of  thyroid  disease,  and  concluded  that 
this  could  not  be  due  to  a  simple  quantitative  change  in  the  thyroid 
secretion. 

(ii)  Rare  cases,  such  as  those  recorded  by  Osier  (1898)  and  Samuel 
West  (1906)  in  which  the  myxoedematous  symptoms  come  on  acutely 
and  severely.  The  combination  of  symptoms  can  be  explained  on 
H.  S.  Plummer’s  view  {vide  p.  225)  that  exophthalmic  goitre  is  due  to 
( a )  an  excess  of  normal  thyroxine,  and  (6)  an  abnormal  substance 
produced  in  the  gland,  and  that  the  proportion  of  the  normal  and 
abnormal  secretions  of  the  thyroid  vary  in  individuals  ;  if  the  amount 
of  the  normal  thyroxine  is  much  diminished  the  symptoms  of  hypo¬ 
thyroidism  would  follow  while  the  reaction  to  the  abnormal  secre¬ 
tion  would  persist.  The  occurrence  of  myxoedema  years  after  the 
symptoms  of  toxic  goitre  have  disappeared  is  mentioned  elsewhere 
(p.  179). 
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nosis  and  Treatment  of  Diseases  of  the  Thyroid  Gland,  by  George  Crile  and 
Associates,  Phila.,  1932,  p.  199. 

Diagnosis.  Toxic  goitre  when  characteristic  can  be  recognized 
at  a  glance,  but  in  some  of  the  incomplete  cases  without  exophthalmos 
and  goitre,  but  with  cardiac  symptoms,  the  diagnosis  may  be  difficult. 
Although  the  inclusive  title  toxic  goitre  includes  primary  exophthal¬ 
mic  goitre  and  toxic  adenoma  or  secondary  exophthalmic  goitre,  it 
may  be  well  to  refer  to  the  clinical  differences  that  have  been  drawn 

between  them. 

Toxic  Adenoma,  Secondary  Exophthalmic  Goitre.  As  already  men¬ 
tioned,  the  occurrence  of  the  clinical  picture  of  exophthalmic  goitre 
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in  individuals  previously  carrying  a  simple  goitre  was  noticed, 
though  not  specially  insisted  on,  by  Parry  and  by  Stokes.  Since  1913 
H.  S.  Plummer  has  separated  from  ordinary  or  primary  exophthalmic 
goitre  the  condition  of  adenomatous  goitre  with  hyperthyroidism 
which  has  also  been  called  toxic  adenoma  and  secondary  exophthal¬ 
mic  goitre.  The  features  stated  to  characterize  and  distinguish 
adenomatous  goitre  with  hyperthyroidism  from  ordinary  (primary) 
exophthalmic  goitre  are:  incidence  ten  to  twenty  years  later  in  life 
in  the  subjects  of  a  goitre,  with  a  slower  onset,  rarity  of  exophthalmos, 
comparatively  mild  nervous  symptoms,  infrequency  of  recurrence  of 
symptoms  after  surgical  removal  of  the  adenoma,  special  liability  to 
auricular  fibrillation  and  congestive  heart  failure,  and  to  arterial 
hypertension  (Jonas,  1935).  On  the  other  hand  the  variations,  the 
protean  character  of  the  clinical  manifestations,  and  the  differences 
just  mentioned  have  been  regarded  as  compatible  with  the  view  that 
the  conditions  regarded  as  distinct,  namely,  primary  exophthalmic 
goitre  and  toxic  adenoma,  are  essentially  the  same  disease  (Dunhill, 
1924 ;  Eraser,  1931 ),  and  that  the  features  regarded  as  special  to  toxic 
adenoma  are  due  to  its  later  incidence,  in  the  fourth  and  subsequent 
decades  of  life,  when  the  tissues  and  especially  the  myocardium  have 
lost  some  of  their  reserve  power  and  are  more  easily  damaged. 

Para-Basedowdsm,  pseudo-Basedowism,  or  the  neuro-vegetative 
syndrome  described  by  M.  Labbe  and  his  colleagues  (1934)  consists 
in  symptoms — exophthalmos,  tremor,  rapid  pulse,  nervousness, 
cardiac  symptoms  more  prominent  than  serious,  and  high  blood- 
pressure,  but  not  well-marked  thyrotoxicosis  or  a  raised  metabolic 
rate.  It  may  arise  spontaneously  or  after  the  hyperthyroidism  has 
been  relieved  by  thyroidectomy  or  other  means ;  it  accounts  for  the 
residual  symptoms  of  Graves’s  disease  after  operation  and  does  not 
yield  to  the  remedies  for  hyperthyroidism ;  it,  however,  responds  to 
sympatholytic  drugs,  such  as  the  alkaloids  of  the  yohimbine  group. 
According  to  Labbe  there  are  two  elements  in  Graves’s  disease, 
(i)  hyperthyroidism  and  (ii)  the  neuro-vegetative  syndrome,  and  he 
held  that  the  excess  of  thyroid  secretion  sensitizes  the  sympathetic 
system,  for  example,  to  adrenaline  or  to  the  pressor  hormone  of  the 
posterior  pituitary,  thus  accounting  for  hypertension.  Drouet  (1934) 
argued  that  para-Basedowism  is  due  to  hyperpituitarism. 

Fruste,  incomplete,  or  abortive  cases  of  Graves’s  disease  may  be 
imitated  bv  effort  syndrome,  and  in  such  cases  the  estimation  of  the 
basal  metabolic  may  help  in  the  decision. 

Post-encephalitic  Parkinsonianism  may  present  some  of  the  symp¬ 
toms,  especially  a  raised  metabolic  rate,  of  toxic  goitre. 

Riddoch  (1927)  mentioned  the  onset  of  toxic  goitre  after  encephalitis. 

In  1923  Guillain  and  Marquezy  recorded  a  remarkable  case  with  the 
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tremor  of  toxic  goitre  on  the  right  side  and  the  tremor  of  Parkinsonian 
character  on  the  left  side ;  after  thyroidectomy  the  tremor  of  toxic  goitre 
disappeared,  whereas  that  on  the  left  side  of  the  body  was  unaffected, 
and  the  basal  metabolic  rate  diminished  from  +51  to  normal.  Exami¬ 
nation  of  the  thyroid  showed  an  old  adenoma  with  carcinomatous 
change.  The  association  of  toxic  goitre  and  epidemic  encephalitis  has 
been  described  by  Alajouanine,  Boudin,  and  Marie  (1932).  M.  Labbe 
and  Gilbert -Dreyfus  (1933)  critically  considered  this  question,  and, 
while  not  denying  the  possible  coincidence  of  the  two  conditions,  as 
in  the  case  recorded  by  Guillain  and  Marquezy,  argued  that  the  symp¬ 
toms  suggesting  toxic  goitre  were  due  to  nervous  damage  inflicted  by 
the  virus  of  epidemic  encephalitis,  and  that  among  the  affected  parts 
was  a  metabolic  centre  in  the  brain. 

Cases  of  acromegaly  with  goitre  have,  as  Cushing  and  Davidoff 
(1927)  mentioned,  been  submitted  to  thyroidectomy. 

Prognosis .  From  the  great  variation  in  the  character  of  the  cases, 
mild  or  severe,  statistics  are  poor  guides  in  individual  cases.  In  1908 
Hector  Mackenzie  concluded  that  25  per  cent.  pro\e  fatal,  25  per 
cent,  become  chronic,  and  50  per  cent,  become  more  or  less  cured. 
In  spite  of  the  advances  in  all  forms  of  treatment  the  number  of 
patients  with  the  severe  complications  now  recognized  has  increased, 
and  the  Registrar-General’s  returns  show  that  during  the  decade 
1922-32  the  death-rate  from  Graves’s  disease  more  than  doubled. 
Toxic  goitre  is  an  important  cause  of  sudden  death,  and  in  some 
instances  the  cause  is  not  obvious  (Spilsbury,  1917). 

The  prognosis  is  better  in  children  than  in  adults,  and  better  in 
private  patients  who  can  rest  than  in  the  poor  (Hale  White,  1910). 
Some  young  patients  without  any  previous  history  of  thyroid  disease 
apparently  recover  completely  in  a  few  months  (Fraser,  1931).  With 
the  same  onset  in  other  patients  relapses  occur  and  the  thyroid 
eventually  becomes  nodular,  thus  resembling  toxic  adenoma. 
Patients  who  have  had  severe  Graves  s  disease  seldom  get  back  to 
the  same  condition  of  health  as  before  the  disease  began,  but  are  left  in 
a  state  which  has  been  likened  to  mild  neurasthenia .  Prognosis  depends 
on  the  degree  of  thyrotoxicosis  and  on  its  efficient  treatment.  Rest¬ 
lessness  has  been  regarded  as  a  very  grave  prognostic  (Dunhill,  1934). 
The  occurrence  of  jaundice,  pointing  to  necrotic  changes  in  the  liver, 
is  of  very  grave  significance.  The  outlook  necessarily  depends  on  the 
effect  of  treatment ;  this  has  often  been  considered,  and  the  con¬ 
clusions  reached  have  differed  widely ;  thus,  from  comparison  of  the 
results  obtained  in  the  medical  and  surgical  wards  of  Guy’s  Hospital, 
Campbell  (1921 )  estimated  that  the  late  results  of  surgical  treatment 
were  not  much  better  than  those  obtained  in  the  medical  wards  ;  Clute 
and  Veal  (1932),  on  the  other  hand,  stated  that  a  cure  resulted  in  95 
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per  cent,  of  their  cases  treated  by  sub-total  thyroidectomy.  The 
results  of  surgical  treatment  must  depend  on  the  technique  and 
experience  of  the  operator.  Other  comparisons  of  medical,  surgical, 
and  radiological  methods  of  treatment  are  given  on  p.  258. 

Alajouanine,  T.,  Boudin,  G.,  et  Marie,  R.,  Bull,  et  mem.  Soc.  med.  d.  hop.  de 
Paris,  1932,3  s.,  xlviii.  1703;  Campbedl,  J.  M.  H Quart.  Journ.  Med.,  Oxford, 
1921-2,  xv.  55;  Clute,  H.  H.,  and  Veal,  J.  R.,  Journ.  Am.  Med.  Assoc., 
Chicago,  1932,  xcix.  643;  Cushing,  H.,  and  Davidoff,  L.  M.,  Arch.  Int.  Med., 
Chicago,  1927,  xxxix.  673;  Drouet,  P.  L.,  Rev.  f rang,  d'endocrinol.,  Paris, 
1934,  xii.  101;  Dunhill,  T.  P.,  Brit.  Journ.  Surg.,  Bristol,  1930,  xvii.  424; 
idem,  Bristol  Med.-Chir.  Journ.,  1934,  li.  155 ;  Fraser,  F.  R.,  Brit.  Med.  Journ., 
1931,  ii.  739;  Guillain,  G.,  et  Marquezy,  R.,  Bull,  et  mem.  Soc.  med.  d.  hop.  de 
Paris,  1923,  3  s.,  xxxix.  1347  ;  Jonas,  V.,  Ann.  de  med.,  Paris,  1935,  xxxv.  269  ; 
Labbe,  M.,  Villaret,  M.,  et  ah,  Compt.  rend.  Acad.  d.  sc.,  Paris,  1931,  cxciii. 
260;  Labbe,  M.,  et  Gilbert-Dreyfus,  Presse  med.,  Paris,  1933,  xli.  1345; 
Mackenzie,  H.  W.  G.,  System  of  Med.  (Allbutt  and  Rolleston),  Lond.,  1908,  iv, 
part  I,  377 ;  Parry,  C.  H.,  Collections  from  the  Unpublished  Writings  of,  Lond., 
1825,  ii.  Ill ;  Plummer,  H.  S.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1913,  lxi.  650; 
Riddoch,  G.,  Journ.  Ment.  Sc.,  Lond.,  1927,  lxxiii.  582;  Spilsbury,  B., 
Practitioner,  Lond.,  1917,  xcviii.  132;  Stokes,  W.,  Diseases  of  the  Heart  and 
Aorta,  Dublin,  1854,  p.  278;  White,  W.  Hale,  Quart.  Journ.  Med.,  Oxford, 
1910-11,  iv.  89. 

Treatment.  The  three  lines  of  treatment  are  (i)  medical,  (ii) 
X-ray  exposures,  and  (iii)  surgical  measures. 

In  the  forefront  of  medical  treatment  is  rest  of  body  and  mind  in 
bed  and  with  plenty  of  fresh  air ;  nervousness  should  be  controlled 
by  sedatives  such  as  bromides  or  luminal  gr.  1,  three  times  a  day 
or,  in  serious  mental  disturbance,  of  sodium  luminal  gr.  1J  hypo¬ 
dermically  (Fraser,  1934). 

Treatment  by  Diet.  A  restriction  of  animal  food  in  order  to  obviate 
intestinal  putrefaction  is  an  old-standing  recommendation.  On  the 
other  hand,  in  order  to  compensate  for  the  increased  metabolic  rate 
and  the  not  infrequent  occurrence  of  diarrhoea,  a  nutritious  diet  is 
important,  and  should  consist  of  milk,  fats,  and  carbohydrates.  Such 
a  diet  with  exclusion  of  meat  in  all  forms,  ham,  poultry,  strong  tea, 
and  coffee,  is  part  of  Blum’s  treatment  by  thyroid- catechin  (tyro- 
norman),  which  is  the  anti- thyroid  component  normally  present  in 
the  blood  {vide  p.  254).  A  diet  rich  in  vitamins  has  been  advised  by 
Abelin  (1932)  and  it  appears  that  vitamin  A  antagonizes  thyroxine. 
The  treatment  of  thyroid  crises  consists  in  the  intravenous  injection 
of  saline  and  glucose  and  the  administration  of  iodine  (Lahey,  1934). 

Drugs.  A  large  number  of  drugs  have  at  one  time  or  another  been 
employed.  Belladonna  given  to  diminish  thyroid  secretion  has  an 
effect  in  diminishing  profuse  perspiration ;  arsenic  was  once  highly 
esteemed.  Sodium  sulphate,  digitalis,  strophanthus,  convallaria  have 
been  given  symptomatically.  Anti-infective  agents,  such  as  sali- 
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cylates,  quinine,  and  mercury,  have  in  the  past  been  recommended 
(Roussy  and  Clunet,  1914).  Sodium  biborate  has  been  employed 
(Loeper  and  Ollivier,  1925).  The  treatment  of  cardiac  failure  in  the 
course  of  primary  and  secondary  Graves’s  disease  and  in  masked 
hyperthyroidism  was  formerly  purely  medical.  Digitalis  has  been 
disappointing,  and  the  important  line  of  treatment  is  to  remove  the 
thyroid  intoxication,  and  this  is  most  effectively  done  by  sub-total 
thyroidectomy  after  pre-operative  medical  treatment  (Eggleston, 
1934).  Insulin,  given  on  the  ground  that  it  has  been  thought  to 
antagonize  thyroxine,  has  been  followed  by  improvement  (Lawrence, 
1924).  It  certainly  enables  carbohydrates  to  be  more  effectively 
utilized ;  and  the  combination  of  insulin  with  glucose  has  been  em¬ 
ployed  with  benefit  (Lepine  and  Parturier,  1924;  Kisthinios  and 
Gomez,  1931);  it  should  be  controlled  by  estimation  of  the  blood- 
sugar,  and  it  has  been  recommended  that  the  insulin  should  be  given 
intravenously  (Carriere,  Huriez,  Demarez,  Leperre,  and  Christiaens, 
1933).  Mellanby  (1934)  emphasized  the  influence  of  milk,  in  quanti¬ 
ties  of  not  less  than  a  pint  daily,  in  preventing  the  onset  of  auricular 
fibrillation,  even  when  tachycardia  has  been  present  for  a  long  time  ; 
he  also  pointed  out  that  milk  probably  counteracts  the  decalcifying 
effects  of  thyroid  and  so  prevents  osteoporosis. 

Iodine  Treatment.  As  iodine  had  been  used  in  the  treatment  of 
non- toxic  goitre  since  1820  it  is  not  surprising  that  it  was  employed 
in  exophthalmic  goitre  by  Basedow  (1840)  and  Stokes  (1854); 
Trousseau  in  1864  by  accident  prescribed  tincture  of  iodine  instead  of 
digitalis,  and  was  surprised  at  the  improvement  which  followed ; 
Cheadle  in  1869,  when  nearly  all  writers  on  the  subject  regarded  it 
as  harmful,  reported  benefit.  Thomas  Watson  (1792-1882)  in  1871 
and  Hilton  Fagge  in  1886  mentioned  iodine  but  without  approval, 
and  Lauder  Brunton  (1844-1916)  in  his  Text-book  of  Pharmacology , 
Therapeutics,  and  Materia  Medica  (1885)  did  not  refer  to  its  use. 
Kocher’s  description  of  ‘  jod-Basedow’  in  1910  must  have  confirmed 
the  aversion  to  the  use  of  iodine ;  in  the  following  year,  however, 
Ohlemann  gave  an  account  of  the  treatment  of  his  own  case 
by  iodine  preparations  with  considerable  success,  and  in  1912  at 
Marine’s  suggestion  small  doses  were  given  at  Cleveland  (Warfield, 
1924).  In  1914,  quite  independently,  and  as  the  result  of  three  years’ 
experience  Weller  stated  that  tincture  of  iodine  given  internally  had 
a  far  more  rapid  effect  in  controlling  the  disease  than  had  any  other 
remedies.  The  use  of  iodine  was  also  advocated  by  Neisser  (1920), 
Loewy  and  H.  Zondek  (1921),  E.  Mellanby  (1922),  and  H.  S.  Plum¬ 
mer  (1923),  and  Plummer  and  Boothby  (1924).  The  pre-operative 
use  of  iodine,  which  Kocher  had  admitted,  was  now  adopted  ;  but  how 
great  a  change  of  opinion  had  taken  place  is  shown  by  the  absence 
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of  any  reference  to  iodine  in  a  discussion  on  the  treatment  of  exoph¬ 
thalmic  goitre  in  1921  at  the  Royal  Society  of  Medicine,  London.  It 
was  stated  by  Kommerell  (1931)  and  others  that  diiodotyrosine, 
which  has  been  regarded  as  almost  certainly  an  intermediate  in  the 
synthesis  of  thyroxine  (Harington,  1933),  is  more  effective  than 
iodine,  and  that  it  is  not  an  iodine  effect,  but  one  specific  to  diiodo¬ 
tyrosine.  A  trial  of  its  effect  on  30  patients  while  awaiting 
thyroidectomy  showed  that  its  effects  were  not  more  striking  or 
specifically  different  from  those  of  other  forms  of  iodine  (A.  B.  Gut¬ 
man,  L.  W.  Sloan,  E.  B.  Gutman,  and  W.  W.  Palmer,  .1933). 

Exophthalmos  has  been  treated  by  alkaloids  of  yohimbe  bark  by 
Labbe  and  his  collaborators  (1933)  who  regarded  it  as  part  of  the 
para-Basedowism  and  distinct  from  hyperthyroidism  which  does  not 
respond  to  yohimbe  alkaloids. 

Serum  treatment  is  now  of  historical  interest  only.  Ballet  and 
Enriques  (1895)  gave  the  serum  of  a  myxoedematous  patient,  and 
the  serum  of  thyroidectomized  dogs  was  employed  by  Burghardt  and 
Blumenthal  (1899);  Mobius  (1901)  similarly  utilized  the  serum  of 
thyroidectomized  sheep  (antithyroidin),  which  was  extensively  tried, 
Mackenzie  and  Murray  (1905)  finding  that  it  was  not  effective.  A 
specific  cytotoxic  serum  was  tried  with  some  success,  especially  in 
acute  toxic  cases,  but  benefit  was  not  shown  in  all  the  cases  (Rogers 
and  Beebe,  1908). 

Thyroid-catechin  (tyronorman) .  Blum  (1932)  described  an  anti¬ 
thyroid  substance  normally  present  in  the  blood  and  thought  to  be 
formed  in  the  liver,  and  has  employed  it,  with  a  protective,  meat-free 
and  milk-rich  diet  (vide  p.  252)  successfully.  It  has  been  made  in 
tablets  (‘tyronorman ’)  to  be  taken  by  the  mouth.  A  preparation  of 
dried  blood  (haemocrinin)  has  been  advocated  (Herzfeld  and  Frieder, 
1933). 

Thyroid  extract  has  often  been  given,  especially  in  the  past.  Voisin 
in  1894  reported  great  improvement ;  but  usually,  as  Beclere  pointed 
out  at  the  same  meeting  and  as  would  naturally  be  expected,  it 
aggravates  the  symptoms.  The  infant  of  a  nursing  mother  who  was 
taking  thyroid  for  Graves’s  disease  manifested  symptoms  of  hyper¬ 
thyroidism  (B.  Bramwell,  1899).  An  extract  from  the  thyroid  of  a 
patient  with  myxoedema  has  been  suggested  (Jaquerod,  1930),  and 
no  doubt  would  be  less  likely  than  the  ordinary  extract  to  cause 
hyperthyroidism.  In  cases  in  which  symptoms  of  myxoedema  com¬ 
plicate  Graves’s  disease  (vide  p.  246)  thyroid  has  been  beneficial. 
A  patient  after  two  partial  thyroidectomies  had  a  graft  of  thyroid 
implanted  in  the  neck  (Groves  and  Joll,  1910). 

Whole  adrenal  gland  substance  was  given  by  Crary  and  by  Solis- 
Cohen  in  1897,  and  by  Gibson  (1854-1913)  in  1907.  Benefit  from 


TOXIC  GOITRE  255 

the  administration  of  the  adrenal  cortex  was  reported  by  Shapiro 
and  Marine  (1921)  and  confirmed,  on  the  basis  of  50  more  cases,  by 
Marine,  Baumann,  and  Webster  (1931),  who  showed  that  the  active 
agent  was  not  hexuronic  acid,  and  by  Bram  (1934),  who  found  it 
mainly  useful  in  cases  with  little  or  no  goitre,  without  exophthalmos, 
with  a  raised  blood-pressure,  persistently  rapid  pulse  (130-160),  and 
a  basal  metabolic  rate  +40  to  70.  Weinstein  and  Marlow  (1933), 
however,  reported  negative  results. 

Remissions  in  young  women  were  obtained  from  injections  of 
antuitrin  and  theelin,  derived  from  urine,  by  Starr  and  Patton  (1935), 
who  argued  that  the  pituitary  extract  increased  secretion  of  theelin 
by  the  ovary  and  that  the  increased  amount  of  theelin  in  the  circula¬ 
tion  inhibited  the  thyroid  secretion. 

Thymus  Medication.  Owen  in  1895  reported  a  case  in  which  on  two 
occasions  improvement  followed  the  administration  of  thymus  gland, 
given  by  mistake  for  thyroid. 

Operative  Treatment.  Early  operations  were  performed  before 
toxic  was  distinguished  from  ordinary  goitre,  and  it  is  therefore 
difficult  to  be  certain  about  the  nature  of  the  cases.  William  Blizard 
( 1 743-1 835 )  ligatured  one  superior  thyroid  artery  in  1 8 1 3 .  Halsted  in 
his  full  review  of  the  operative  treatment  of  goitre  mentioned,  as  per¬ 
haps  the  earliest  operations  on  cases  of  toxic  goitre,  those  of  Henry 
Earle  (1789-1838)  in  1823  and  of  Aston  Key  (1793-1849)  in  1824. 
In  Earle’s  case  (reported  in  1826)  both  superior  thyroid  arteries,  the 
right  being  as  large  as  the  carotid,  were  ligatured  with  an  interval 
between.  In  Key’s  case  death  occurred  two  days  after  one  superior 
thyroid  had  been  tied.  Ligature  of  the  inferior  as  well  as  the  superior 
thyroid  artery  appears  to  have  been  first  suggested  in  1845  by 
L.  Porta  (L.  Rogers,  1929).  Since  the  pre-operative  treatment  by  iodine 
was  introduced  ligature  of  the  thyroid  arteries,  which  usually  gives 
temporary  relief  only,  has  been  mainly  performed  in  severe  cases  as 
a  preliminary  to  later  thyroidectomy,  especially  in  patients  over  40 
years  of  age,  in  whom  the  operation  should  be  carried  out  in  two 
or  more  stages  (Wilkie,  1934).  In  children  ligature  of  two  or  even 
four  arteries  without  subsequent  thyroidectomy  may  be  sufficient 
(Dunhill,  1934). 

Thyroidectomy.  Partial  thyroidectomy  was  performed  by  P.  H. 
Watson  (1832-1908)  on  a  patient  with  exophthalmos  in  1872  (pub¬ 
lished  in  1874).  In  1877  Lister  is  stated  to  have  removed  successfully 
most  of  a  thyroid  which  threatened  suffocation.  Tillaux  operated  in 
1880  on  a  case  he  described  as  exophthalmic  goitre ;  but  the  thyroid 
contained  a  cyst,  and  Raynaud  at  the  reading  of  the  paper  regarded 
it  as  an  ordinary  goitre  with  suffocative  symptoms.  In  1884  Rehn 
published  the  record  of  a  sub-total  thyroidectomy  performed  in  1880 
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on  a  patient  who  29  years  later  was  practically  well ;  he  advocated 
removal  of  almost  the  whole  of  the  thyroid.  In  1901  he  collected  1 7 1 
cases  operated  upon  by  thirty-seven  surgeons  with  a  mortality  of 
13-5  per  cent.,  and  made  another  collection  from  published  sources 
of  1 14  cases  with  a  mortality  of  1 1  *4  per  cent.,  or,  if  the  95  severe  cases 

are  considered  separately,  of  22  per  cent. 

The  fear  of  post -operative  myxoedema  and,  about  the  early  years 
of  this  century,  of  post- operative  tetany  which,  according  to  Halsted 
(1907),  had  become  alarmingly  frequent  after  having  been  little  in 
evidence  for  twenty -five  years,  led  to  partial  rather  than  sub -total 
thyroidectomy  for  toxic  goitre.  Kocher  in  1907  stated  that  removal 
of  one  lobe  and  the  isthmus  with  ligature  of  one  thyroid  artery  on  the 
other  side  cured  83  per  cent,  of  the  patients.  The  more  extensive 
thyroidectomy,  provided  the  parathyroids  were  preserved,  was  recom¬ 
mended  by  Halsted  (1907);  from  1908  Dunhill  contested  the  adequacy 
of  Kocher’s  estimate  of  the  extent  of  the  operation,  and  in  1909 
recommended  the  two-stage  operation,  first  of  one  lobe,  later  of  part 
of  the  other.  The  less  extensive  operation,  however,  remained  in 
vogue,  and  recurrences  of  symptoms  became  common  so  that  eventu¬ 
ally  sub-total  thyroidectomy  was  generally  adopted.  Lahey  (1934) 
emphasized  the  advisability  of  the  operation  in  two  stages  in  children 
on  account  of  their  liability  to  have  severe  post- operative  reactions  , 
he  also  insisted  on  the  serious  interference  with  growth  and  develop¬ 
ment  due  to  post-operative  myxoedema  in  childhood,  as  compared 
with  the  sequel  in  adults  which  can  be  successfully  obviated  by 
thyroid  medication. 

In  patients  with  diabetes  mellitus  and  thyrotoxicosis  the  diabetic 
symptoms  have  been  alleviated  by  sub-total  thyroidectomy,  by 
iodine,  or  by  X-ray  treatment. 

In  some  cases  exophthalmos,  instead  of  diminishing  after  thyroidec¬ 
tomy,  gets  worse,  the  eyelids  no  longer  cover  the  globes,  and  become 
swollen,  and  the  scleral  conjunctiva  becomes  inflamed  and  ulceration 
may  follow.  In  these  circumstances  bilateral  orbital  decompression 
has  been  carried  out  with  benefit  (Naffziger  and  Jones,  1932). 

The  operation  mortality  has  been  stated  to  be  higher  in  males  than 
in  females  (Capelle,  1908).  It  varies  greatly;  at  the  Mayo  Clinic, 
after  the  pre-operative  treatment  with  iodine  was  adopted,  9,000 
patients  have  been  operated  upon  with  a  mortality  of  0’8  per  cent. 
(Pemberton,  1934).  Operative  treatment  is  a  very  exacting  respon¬ 
sibility,  demanding  much  experience  and  special  technique.  Rectal 
avertin  and  gas  and  oxygen  have  superseded  other  anaesthetics. 

The  results  of  operation  have  been  stated  to  be  more  complete  in 
toxic  adenoma  than  in  primary  toxic  goitre  with  diffuse  enlargement  . 
But  the  patients  in  the  latter  group  are  younger  than  in  the  former, 
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and  thus  a  lower  operative  mortality  may  be  explained  ;  Lahey  (1934) 
reported  an  operative  mortality  of  0-5  per  cent,  among  4,543  patients 
with  primary  Graves’s  disease,  and  of  1-5  per  cent,  among  1,032 
patients  with  toxic  adenoma. 

Jaboulay  (1860-1913)  practised  ‘ exothyropexie ’  (1894)  or  exposure 
of  the  thyroid,  after  removal  of  the  capsule,  in  the  wound  to  induce 
shrinkage  and  thrombosis  of  its  vessels ;  he  also  employed  section  of 
the  cervical  sympathetic  (1897). 

With  the  growing  opinion  that  the  thyroid  change  is  not  primary, 
but  secondary  to  some  stimulus,  as  yet  undetermined,  the  rationale 
of  thyroidectomy  has  been  submitted  to  criticism  ;  but  on  the  other 
hand,  though  it  may  be  a  phase  of  treatment,  it  must  be  continued 
until  some  other  therapeutic  means  equally  or  more  efficient  is 
available. 

Operative  treatment  is  advisable  when  medical  treatment  has  not 
produced  well-marked  improvement  in  six  months,  and  when 
auricular  fibrillation  or  congestive  heart  failure  has  supervened. 

Thymectomy  had  a  vogue  for  a  few  years  before  1914.  Benefit  was 
reported  by  Haberer  (1914)  and  Halsted  (1914),  and  in  some  respects 
by  others  ;  Garre  (1911)  reported  a  diminution  in  the  lymphocytosis, 
and  Capelle  and  Bayer  (1911)  as  regards  the  cardiac  symptoms. 
Halsted  practised  both  thymectomy  and  combined  thymectomy 
with  thyroidectomy. 

Adrenal  denervation :  cure  was  obtained  in  95  per  cent,  of  79  cases 
in  which  this  procedure  was  done  by  Crile  (1934).  It  was  chiefly 
adopted  in  51  cases  with  residual  or  recurrent  symptoms  after 
thyroidectomy ;  the  immediate  benefit  was  remarkable. 

X-ray  treatment  was  employed  in  1902  by  F.  H.  Williams  of  Boston 
and  by  Pusey  and  Caldwall  in  1903;  Stegmann  (1905)  reported 
benefit  in  two  cases,  and  in  1908  Pfahler  collected  51  cases  from 
literature,  with  benefit  in  42.  In  1914  Roussy  and  Clunet  regarded 
irradiation  of  the  thyroid  as  preferable  to  thyroidectomy  on  account 
of  the  then  mortality  from  operative  interference.  Out  of  300  con¬ 
secutive  cases  seen  in  private  practice  by  Barclay  and  Fellows  (1926) 
63  per  cent,  were  regarded  as  cured,  and  25  per  cent,  definitely  im¬ 
proved,  the  average  number  of  treatments  being  20.  On  the 
other  hand,  it  has  been  often  stated  that  X-ray  exposures  produce 
adhesions  around  the  gland  and  thus  render  thyroidectomy,  if  it 
should  become  necessary,  more  difficult.  It  has  also  been  suggested 
that  irradiation,  by  damaging  the  parathyroid,  may  play  a  part  in 
post-operative  tetany  (Dunhill,  1930). 

Deep  X-ray  treatment  of  the  pituitary  was  employed  with  en¬ 
couraging  results  by  Etienne  and  Hrouet  (1934),  who  believed  that 
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Graves’s  disease  is  primarily  due  to  hyperpituitarism  with  secondary 
hyperthyroidism . 

Irradiation  of  the  thymus.  Good  results  were  reported  by  Halsted 
(1915)  in  cases  in  which  double  lobectomy  of  the  thyroid  had  not 
been  successful. 

Radium.  Abbe  (1905)  inserted  a  tube  of  radium  into  the  middle 
lobe  of  the  thyroid.  Out  of  180  cases  treated  during  the  years  1915-19 
Burrows  reported  52,  or  29  per  cent.,  as  cured.  As  compared  with 
X-rays  the  results  from  radium  have  been  found  to  be  less  satisfactory 
(Burrows  and  Morison,  1920;  Fraser,  1934). 

The  position  about  the  choice  of  treatment  is  probably  that  mild 
cases  only  are  really  suitable  for  medical  treatment,  and  then  the 
risk  of  relapse  must  be  faced.  Fraser  stated  that  thyroidectomy  is 
the  most  certain,  but  if  a  surgeon  with  special  skill  and  experience  is 
not  available,  X-rays  should  be  tried  while  the  condition  is  still  mild 
and  the  patient  able  to  work.  From  analysis  of  200  cases  treated  in 
various  ways  during  the  period  1913-30  Engel  (1933)  found  that  of 
those  treated  medically  55  per  cent,  were  able  to  return  to  work,  the 
mortality  being  24-7  per  cent. ;  whereas  the  mortality  of  those  treated 
surgically  was  13-6  and  of  those  treated  radiologically  14-3  per  cent. 

Abelin,  I.,  Schweiz,  med.  Wchnschr.,  1932,  lxii.  441 ;  Ballet,  G.,  et  Enriques, 
E.,  Med.  mod.,  Paris,  1895,  vi.  80;  Beclere,  A.,  Bull,  et  mem.  Soc.  med.  d.  hop. 
de  Paris,  1894,  3  s.,  xi.  657;  Berard,  L.,  et  Colson,  P.,  Presse  med.,  Paris, 
1934,  xlii.  1401 ;  Blum,  F.,  Deutsche  med.  Wchnschr.,  1932,  lviii.  1874;  Bram,  I., 
Med.  Rec.,  N.Y.,  1934,  cxl.  67  ;  Bramwell,  B.,  Lancet,  1899,  i.  762 ;  Burghart, 
Deutsche  med.  Wchnschr.,  1899,  xxv.  627 ;  Carriere,  Huriez,  Demarez,  Le- 
perre,  et  Christiaens,  Gaz.  d.  hop.,  Paris,  1933,  cvi.  535;  Crary,  G.  W., 
Trans.  Soc.  Alumni  Bellevue  Hosp.,  1897,  p.  101 ;  Cheadle,  W.  B.,  St.  George’s 
Hosp.  Rep.,  Lond.,  1869,  iv.  175;  Dunhill,  T.  P.,  Brit.  Journ.  Surg.,  Bristol, 
1930,  xvii.  424;  Eggleston,  C.,  Am.  Journ.  Med.  Sc.,  Phila.,  1934,  clxxxvii. 
737 ;  Engel,  A.,  Acta  med.  Scandinav.,  Stockholm,  1932,  lxxix.  125;  Etienne, 
G.,  et  Drouet,  P.  L.,  Bull.  Acad,  de  med.,  Paris,  1934,  cxii.  86;  Gibson,  G.  A., 
Guy’s  Hosp.  Gaz.,  Bond.,  1907,  n.s.,  xxi.  428 ;  Groves,  E.  W.  H.,  and  Joll,  C., 
Brit.  Med.  Journ.,  1910,  ii.  1965;  Gutman,  A.  B.,  Sloan,  L.  W.,  Gutman, 

E.  B.,  and  Palmer,  W.  W.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1933,  ci.  256; 
Herzfeld,  E.,  und  Frieder,  A.,  Deutsche  med.  Wchnschr,  1933,  lix.  84; 
Jaquerod,  Rev.  f rang,  d’endocrinol.,  Paris,  1930,  viii.  407;  Kisthinios,  N., 
et  Gomez,  D.  M.,  Presse  med.,  Paris,  1931,  xxxix.  94;  Kocher,  T.,  Arch, 
f.  klin.  Med.,  Berlin,  1910,  xcii.  1166;  Kommerell,  B.,  Munchen.  med. 
Wchnschr.,  1931,  lxxviii.  1386;  Labbe,  M.,  Villaret,  M.,  Justin-Besan^on, 
L.,  et  Schiff-Wertheimer,  Bull.  Acad,  de  med.,  Paris,  1933,  cx.  730;  Lahey, 

F.  H.,  Trans.  Coll.  Phys.  Phila.,  1930,  3  s.,  lii.  133 ;  idem,  Bidl.  New  York  Acad. 
Med.,  1934,  2  s.,  x.  65;  Lanz,  O.,  Corr.-Bl.  f.  schweiz.  Aerzte,  1899,  xxix ; 
Lawrence,  R.  D.,  Brit.  Med.  Journ.,  1924,  ii.  753;  Lepine,  J.,  et  Parturier, 

G. ,  Compt.  rend.  Soc.  biol.,  Paris,  1924,  xc.  269;  Loeper,  M.,  et  Ollivier,  J., 
Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris,  1925,  3  s.,  xlix.  734  ;  Loewy,  A.  V.,  und 
Zondek,  H.,  Deutsche  med.  Wchnschr.,  1921,  xlvii.  1387 ;  Marine,  D.,  Bau¬ 
mann,  E.  J.,  and  Webster,  B.,  Proc.  Soc.  exper.  Biol,  and  Med.,  N.Y.,  1930-1 
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xxviii.  327  ;  Mellanby,  E.,  Brit.  Med.  Journ.,  1922,  i.  832 ;  idem,  Nutrition  and 
Disease,  Edin.,  1934,  p.  69;  Murray,  G.  R.,  Lancet,  1905,  ii.  1379;  idem,  Brit. 
Med.  Journ.,  1920,  ii.  807;  Neisser,  E.,  Berlin,  klin.  Wchnschr.,  1920,  lvii. 
461 ;  Ohlemann,  ibid.,  1911,  xlviii.  385;  Owen,  D.,  Brit.  Med.  Journ.,  1895,  i. 
361;  Plummer,  H.  S.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1923,  lxxx.  1955; 
Plummer,  H.  S.,  and  Boothby,  W.  M.,  Iowa  State  Med.  Soc.  Journ.,  1924,  xiv. 
66;  Rogers,  J.,  and  Beebe,  G.  P.,  Arch.  Int.  Med.,  Chicago,  1908,  ii.  297; 
Shapiro,  S.,  and  Marine,  D.,  Endocrinol.,  Los  Angeles,  1921,  v.  699;  Solis- 
Cohen,  S.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1897,  xxix.  65;  Starr,  J.,  and 
Patton,  H.,  Ann.  Int.  Med.,  Lancaster,  Pa.,  1935,  viii.  825;  Voisin,  J.,  Bull, 
et  mem.  Soc.  med.  d,  hop.  de  Paris,  1894,  3  s.,  xi.  655 ;  Warfield,  L.  M„  Trans. 
Assoc.  Am.  Phys.,  Phila.,  1924,  xxxix.  179;  Watson,  T.,  Lectures  on  Physic, 
Lond.,  1871,  i.  843;  Weller,  H.  E.,  The  Prescriber,  Edin.,  1914,  vni.  53; 
Weinstein,  A.,  and  Marlow,  A.,  Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1933, 

lii.  408. 

Operative  Treatment. 

Capelle,  Beitr.  z.  klin.  Chir.,  Tubing.,  1908,  lviii.  353;  Capelle  und  Bayer, 
ibid..  1911,  lxxii.  214;  Crile  and  Associates,  Diagnosis  and  Treatment  of 
Diseases  of  the  Thyroid  Gland,  1934;  Dunhill,  T.  P.,  Brit.  Med.  Journ.,  1909,  i. 
1222;  idem,  Practitioner,  Lond.,  1934,  cxxxiii.  416;  Earle,  H.,  Lond.  Med.  and 
Phys.  Journ.,  1826,  lvi.  201 ;  Garre,  C.,  Quoted  by  Halsted,  1914;  Haberer, 
H.  von,  Med.  Klinik,  Berlin,  1914,  x.  1087  ;  Halsted,  W.  S.,  Am.  Journ.  Med. 
Sc.,  Phila.,  1907,  cxxxiv.  1;  idem,  Johns  Hopkins  Hosp.,  Pep.,  Baltimore,  1920, xix. 
71;  idem,  Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1914,  xxv.  223;  Jaboulay, 
Med.  mod.,  Paris,  1894,  v.  275;  idem,  Lyon  med.,  1897,  lxxxv,  535;  Key,  A., 
Lancet,  1823-4,  ii.  358 ;  Naffziger,  H.  C.,  and  Jones,  O.  W.,  Journ.  Am.  Med. 
Assoc.,  Chicago,  1932,  xcix.  638;  Pemberton,  J.,  Proc.  Staff  Meetings,  Mayo 
Clinic,  1934,  ix.  770;  Rehn,  L.,  Berlin,  klin.  Wchnschr.,  1884,  xxi.  163;  idem, 
Mitt.  a.  d.  Grenzgeb.  d.  Med.  und  Chir.,  1901,  vii.  165;  Tillaux,  Bull.  Acad,  de 
med.,  Paris,  1880,  2  s.,  ix.  401 ;  Watson,  P.  H.,  Edin.  Med.  Journ.,  1874,  xix. 
252;  Wilkie,  D.  P.  D.,  Brit.  Med.  Journ.,  1934,  ii.  136. 

Radiological  Treatment. 

Abbe,  R.,  Arch.  Roentg.  Ray,  Lond.,  1905,  ix.  204;  Barclay,  A.  E.,  and 
Fellows,  F.  M.,  Lancet,  1926,  i.  593;  Burrows,  A.,  Report  of  the  Manchester 
and  District  Radium  Institute,  1921;  Burrows,  A.,  and  Morison,  J.  H.  W., 
Proc.  Roy.  Soc.  Mecl.,  1919-20,  xiii  (Sect.  Electro-Therap.),  133;  Dunhill, 
T.  P.,  Brit.  Journ.  Surg.,  Bristol,  1930,  xvii.  424;  Etienne,  G.,  et  Drouet, 
P.  L.,’  Bull.  Acad,  de  med.,  Paris,  1934,  cxii.  86;  Halsted,  W.  S.,  Bull.  Johns 
Hopkins  Hosp.,  Baltimore,  1915,  xxvi.  55;  Pfahler,  G.  E.,  New  I  ork  Med. 
Journ.,  1908,  lxxxviii.  781 ;  Pusey,  W.  A.,  and  Caldwell,  E.  W.,  Rontgen  Rays 
in  Therapeutics  and  Diagnosis,  Phila.,  1903;  Roussy,  G.,  et  Clunet,  J.,  Ann. 
de  med.,  Paris,  1914,  i.  395;  Stegmann,  R.,  Wien.  klin.  Wchnschr.,  1905,  xviii. 
705;  Williams,  F.  H.,  The  Roentgen  Rays  in  Medicine  and  Surgery,  Edit.  2, 
N.Y.,  1902,  p.  679. 


Tumours 

Innocent  tumours  apart  from  goitres  and  adenomas  are  very  rare. 
The  existence  of  pure  fibromas,  recorded  by  Wolfler  (1883)  and 
Delore  (1903),  has  been  seriously  doubted,  and  those  thus  de¬ 
scribed  have  been  regarded  by  others  as  inflammatory  residues  or  as 
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fibrifying  sarcomas  (Moulonquet,  1930).  Ferraro  (1932),  however, 
more  recently  reported  a  case. 

Teratomas  are  rare.  Hdrdemann  (1925)  stated  that  31  had  been 
recorded.  Pusch  and  Nelson  (1935)  collected  48  reputed  examples, 
of  which  15  were  not  verified  by  microscopical  examination ;  thus 
they  quoted  the  case  recorded  by  S.  Grassi  (1653-1730)  in  1691  of  a 
foetus  removed  from  a  woman’s  neck.  Formerly  there  was  confusion 
with  congenital  goitres.  They  may  be  solid  or  partly  cystic,  containing 
gelatinous  material  resembling  the  colloid  of  the  thyroid,  are  usually 
present  at  birth  (Russell  and  Kennedy,  1913),  and  may  be  so  large 
as  to  obstruct  delivery,  so  that  they  have  been  found  in  the  stillborn. 
Bland-Sutton  (1917)  compared  them  with  sacro-coccygeal  tumours. 

Tumours  arising  in  accessory  and  aberrant  Thyroids,  (i) 
Arising  in  the  middle  line,  in  connexion  with  the  thyro-glossal  duct, 
and  lingual  thyroid  tumours.  In  exceptional  instances  congenital 
tumours  in  infants  have  proved  fatal  from  suffocation.  In  1869 
Hickman  (1837-97)  recorded  such  a  case  in  which  death  occurred 
16  hours  after  birth ;  but  neither  he  nor  the  Morbid  Growths  Com¬ 
mittee  of  the  Pathological  Society  of  London,  where  he  showed  the 
specimen,  suggested  a  thyroid  origin,  such  as  has  since  been  assumed. 
The  Committee  reported  that  it  was  ‘an  excessive  development  or 
hypertrophy  of  racemose  glandular  structures  normally  existing  on 
the  surface  of  the  tongue’.  Kanthack  (1891)  contested  the  thyroid 
nature  of  the  tumours  described  as  tubular  adenomas  in  this  position, 
and  argued  that  if  they  contain  any  thyroid  tissue  it  is  deri  ved  from 
glandulae  hyoideae  and  not  from  the  neighbourhood  of  the  foramen 
caecum,  Meixner  (1905)  reported  a  case  similar  to  Hickman’s,  and 
Bloch  (1930)  operated  on  an  infant  3  days  old.  The  now  well-known 
lingual  or  sublingual  goitres  were  first  described  by  Bernays  in  1888  ; 
Butlin  (1845-1912)  in  1890  recorded  2  cases,  in  one  of  which  post¬ 
operative  myxoedema  followed  (W.  G.  Spencer,  1914),  and  collected 
6  other  cases.  Bowlby  and  Kanthack,  however,  who  examined 
Butlin’s  specimens,  denied  their  thyroid  structure.  Collins  Warren 
(1842-1927)  in  1892  reported  a  tumour  composed  of  thyroid  tissue 
and  the  size  of  a  pigeon’s  egg  at  the  base  of  the  tongue  in  a  woman 
aged  52  years.  Makins  (1853-1933)  in  1906  estimated  the  number  of 
published  cases  as  between  30  and  40,  Asch  in  1914  collected  95  cases, 
12  being  in  males,  and  in  1932  Grace  and  Weeks  put  the  total  at  130, 
70  per  cent,  being  in  females.  They  are  usually  sessile  and  more  often 
solid  than  cystic.  Harvey  (1925)  recorded  a  pedunculated  tumour 
the  size  of  a  walnut. 

Though  the  lingual  position  of  thyroid  tissue  dates  from  early 
foetal  life,  a  definite  tumour  seldom  becomes  clinically  prominent 
before  puberty.  The  size  fluctuates,  increasing  during  menstruation 
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and  pregnancy.  Increase  in  size  has  been  observed  in  acute  infections, 
such  as  influenza  (Collins  Warren,  1892)  and  whooping  cough  (Wolf). 
These  tumours  are  dusky  red,  and  covered  by  epithelium ;  haemor¬ 
rhage  may  occur  into  them,  and  ulceration  of  the  epithelial  covering 
may  be  followed  by  recurrent  bleeding. 

Operative  removal,  preferably  by  the  diathermy  needle  (Cade, 
1934),  may  be  required  on  account  of  the  large  size  or  of  haemorrhage  ; 
but  operation  should  not  be  undertaken  merely  because  there  is  a 
tumour ;  if  the  thyroid  is  impalpable  post-operative  myxoedema  may 
follow  operation,  and  this  risk  should  be  seriously  considered. 

It  is  very  rare  for  carcinoma  to  occur  in  a  lingual  thyroid ;  J oil 
(1932)  referred  to  6  cases  between  1904  and  1925;  Tyler  (1924)  and 
Ashhurst  and  White  (1925)  described  cases  without  being  aware  that 
the  condition  had  been  previously  recorded,  and  Levi  and  Hankins 
(1935)  considered  that  their  case  was  the  second  authentic  example. 
Carcinoma  with  multiple  metastases  has  supervened  in  a  thyroid 
adenoma  at  the  base  of  the  tongue  (Marchal,  Soulie,  Grupper,  and 
Roy,  1935). 

A  lingual  thyroid  has  seldom  been  associated  with  cretinism  ;  Wells 
(1935)  reported  a  remarkable  case  of  dwarfing  in  a  woman,  aged  72 
years,  with  a  lingual  thyroid  and  a  cystic  anterior  pituitary ;  she  was  not 
a  typical  cretin.  The  rarity  of  malignant  disease  in  the  lingual  thyroid 
contrasts  with  the  tendency  to  this  change  in  lateral  aberrant  thyroids. 

(ii)  Tumours  in  lateral  aberrant  thyroids.  Leech,  Smith,  and  Clute 
in  1927  collected  51  cases;  Lazarus  and  Rosenthal  (1933),  while 
stating  that  they  are  rare,  emphasized  the  tendency  to  malignant 
change;  early  cases  of  this  change  were  reported  by  Wolfler  (1883) 
and  Barker  (1896).  Billings  and  Paul  (1925)  found  that  70  per 
cent,  of  their  35  collected  cases  were  papillary  cystadenomas,  and 
all  Cattell’s  13  personal  cases,  reported  in  1931,  were  of  that  histolo¬ 
gical  character.  The  special  tendency  to  malignant  papillary  change 
has  been  thought  to  depend  on  the  origin  of  the  lateral  aberrant 
thyroids  from  the  ultimate  branchial  bodies  (Leech,  Smith,  and  Clute, 
1927).  A  remarkable  case  with  23  tumours  on  one  side  of  the  neck 
was  reported  in  1896  by  Shattock  (1852-1924)  under  the  title  of 
‘Multiple  Exogenous  Adenomata  of  the  Thyroid  Body  '.  Bilateral 
tumours  were  recorded  by  Lewisohn  (1926).  These  tumours  are 
difficult  to  diagnose  accurately,  and  may  easily  be  regarded  as  meta¬ 
stases  of  a  growth  elsewhere  otherwise  clinically  latent.  Exception¬ 
ally  the  tumour  projects  into  the  mouth  (Paton,  1905). 

(iii)  Tumours  of  aberrant  thyroids  below  the  level  of  the  thyroid 
may  occur  in  the  thorax.  Intra-laryngeal  and  intra- tracheal  growths 
are  rare;  Theisen  (1902)  collected  the  cases,  and  among  91  intra¬ 
tracheal  benign  tumours,  analysed  by  Bruns  in  1898,  7  only  were 
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thyroid  in  origin.  Their  position  is  constant  between  the  lower 
border  of  the  cricoid  and  the  upper  rings  of  the  trachea.  Though  they 
have  been  described  as  growths  of  aberrant  thyroids  (Bruns  and 
Helse,  1882),  it  has  been  argued  that  they  are  offshoots  from  the  main 
gland  (R.  Paltauf,  1892). 

Thyroid  tissue  in  ovarian  embryomas  and  in  other  ovarian  tumours 
is  considered  on  p.  412. 

Malignant  Tumours.  The  general  recognition  of  primary  malig¬ 
nant  disease  of  the  thyroid  is  comparatively  recent,  for  Wilks  (1824- 
1911)  in  1889  spoke  of  it  as  very  rare.  Allan  Burns  (1781-1811), 
however,  gave  an  account  of  considerable  length  of  primary  car¬ 
cinoma  of  the  thyroid  in  1811,  mentioning  the  slow  enlargement, 
the  irregular  surface,  stony  hardness,  and  lancinating  pain,  and  dis¬ 
tinguished  it  from  'the  terrible  affliction  denominated  by  Mr. 
Abernethy  as  medullary  sarcoma’,  of  which  he  also  described  the 
occurrence  in  the  thyroid.  In  a  long  review  of  Burns’s  work  in  the 
Med.-Chir.  Journal  and  Review  in  1816  one  of  the  editors  referred 
to  a  case  of  his  which  appears  to  have  been  one  of  primary  growth  in 
the  thyroid  with  hepatic  metastases.  In  1906  Muller  and  Speese 
collected  173  cases  of  carcinoma  and  117  of  sarcoma ;  Wilson  in  1921 
brought  the  total  up  to  1430,  of  which  991  were  carcinoma,  195  sar¬ 
coma,  and  244  undetermined.  It  is  said  to  form  0-37  per  cent,  of  all 
cases  of  primary  malignant  disease  (Schreiner  and  Murphy,  1934), 
to  occur  five  to  eight  times  more  often  in  women  than  in  men,  and 
to  be  about  six  times  more  frequent  in  districts  where  goitre  is  en¬ 
demic  than  elsewhere  (Berard  and  Dunet,  1924). 

The  degree  of  malignancy  has  been  arranged  by  Herbst  (1923)  in 
the  following  order  of  gravity:  sarcoma,  simple  (scirrhous)  carcinoma, 
malignant  adenoma,  malignant  papillomatous  carcinoma.  The  right 
lobe  is  more  often  affected  than  the  left.  The  trachea  may  be  com¬ 
pressed  or  be  perforated  by  the  tumour,  and  then  the  invading 
tumour  has  been  known  to  become  pedunculated  (Semon,  1893). 
The  average  age  is  50  years,  and  malignant  change  is  said  to  form 
about  5  per  cent,  of  all  thyroid  enlargements. 

Sarcoma.  A  large  number  of  various  forms — round-,  spindle-,  and 
mixed- celled — have  been  recorded,  an  early  example,  of  spindle- 
celled  sarcoma  with  metastases  in  the  brain  and  kidney,  being  that 
recorded  by  Norman  Moore  (1847-1922)  in  1886.  Doubt  has  been 
thrown  on  the  occurrence  of  primary  sarcoma  by  Graham  (1925), 
Ewing  (1928),  Smith  (1930),  and  by  Boyd  (1934)  who  considered  that 
they  are  anaplastic  carcinomas.  Among  40,000  pathological  examina¬ 
tions  of  thyroid  glands  there  were  four  sarcomas  (Pemberton,  1934). 
Sarcoma  arising  in  a  calcified  adenoma  has  been  reported  (Moles- 
worth,  1935). 
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Carcinoma  of  the  thyroid  has  a  number  of  peculiarities :  the  struc¬ 
ture  of  the  thyroid,  physiological  as  well  as  pathological,  varies  in 
a  remarkable  manner,  and  thus  bears  on  the  types  of  carcinoma ; 
carcinomatous  growths  may  closely  resemble  normal  thyroid  tissue, 
and  the  metastases  may  do  the  same.  In  the  vast  majority  of  cases, 
90  per  cent.  (A.  Graham,  1925;  Clute,  1931;  Crile  and  Portmann, 
1932)  to  99  per  cent.  (Coller,  1929),  the  growth  arises  in  a  goitre,  and 
generalization  in  the  great  majority  of  these  cases  takes  place  by  the 
blood-stream.  Carcinoma  very  rarely  supervenes  in  the  thyroid  of 
toxic  goitre  ;  it  was  noted  once  in  276  cases  of  carcinoma  (Pemberton, 
1934) ;  Pauchet  and  Kirchberg  (1929),  however,  described  histological 
changes  suggesting  that  this  occurred.  The  supervention  of  car¬ 
cinoma  in  a  goitre  was  observed  by  Virchow  in  1867  and  Payne 
in  1871. 

The  forms  of  carcinoma  are  numerous,  and  some  of  these  are  rare, 
such  as  carcinoma-sarcoma,  primary  squamous- celled  carcinoma 
(‘ acanthoma  of  the  thyroid’,  possibly  primary  in  the  lingual  duct). 
Various  classifications  have  been  given,  and  a  confusing  nomen¬ 
clature  has  grown  up.  The  classification  adopted  by  Graham,  Dunhill 
(1931),  and  Joll  (1932)  is  as  follows:  (1)  Simple  or  scirrhous  car¬ 
cinoma ;  the  histological  picture  resembles  that  of  the  mammary 
carcinoma  with  spheroidal  cells  and  much  fibrosis.  It  is  compara¬ 
tively  rare  ;  the  thyroid  is  hard,  little  enlarged,  and  metastases  occur 
by  the  lymphatics.  It  differs  from  the  two  other  forms  in  not  arising 
from  an  adenoma. 

(2)  Papillary  Adeno -carcinoma.  These  tumours,  which  form  about 
a  tenth  of  all  primary  carcinomas  of  the  thyroid,  may  arise  in 
adenomas,  and  be  cystic.  Metastases  are  chiefly  through  the  lym¬ 
phatics.  This  form  of  carcinoma  is  specially  prone  to  occur  in  lateral 
accessory  thyroids;  Moritz  and  Bay  less  (1931)  collected  20  cases 
in  the  thyroid  and  15  in  aberrant  thyroids.  It  has  been  suggested 
that  these  thyroid  papillary  tumours  may  arise,  like  those  of  the 
lateral  aberrant  thyroids,  from  the  ultimate  branchial  body  (Leech, 
Smith,  and  Clute,  1928). 

(3)  Malignant  Adenoma.  These  tumours  form  about  85  per  cent, 
of  all  carcinomas  of  the  thyroid,  and  show  all  stages  of  transition 
from  adenoma  to  every  form  of  carcinoma  except  the  two  previous. 
Graham  therefore  included  under  this  heading  of  malignant  adenoma 
all  cases  except  those  frankly  scirrhous  and  papillomatous.  When 
the  carcinoma  is  enclosed  in  a  capsule,  tumour-thrombi  occur,  and 
metastases  follow  through  the  blood-stream,  the  lungs  being  naturally 
first  exposed  to  infection.  But  when  the  capsule  is  penetrated,  the 
carcinoma  extends  into  the  neighbouring  tissues  and  lymphatics. 

Carcinoma- Sarcoma.  In  rare  instances  a  combination  of  carcinoma 
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and  sarcoma  has  been  reported.  It  has  been  thought  that  the  car¬ 
cinoma  is  the  earlier  neoplasm  and  that  sarcoma  results  from  stimu¬ 
lation  of  the  stroma  (Schuppisser,  1923);  Saltykow  (1905)  considered 
that  sarcoma  was  the  original  neoplasm  ;  in  his  case  one  lobe  contained 
a  sarcoma,  the  other  carcinoma,  and  the  isthmus  a  mixed  growth. 

Metastases.  The  thyroid  responsible  for  secondary  growths  else¬ 
where  may  be  the  site  of  an  old,  apparently  non -progressive  goitre. 
In  some  instances  the  thyroid  has  been  removed  before  metastases 
appear,  and  in  a  considerable  proportion,  it  is  said  as  high  as  25  per 
cent.  (Kanoky,  1916),  the  thyroid  is  not  enlarged.  As  in  some  growths 
elsewhere,  the  primary  carcinoma  may  be  extremely  small  although 
the  secondary  growths  are  numerous  and  large,  the  primary  car¬ 
cinoma  being  latent.  Cases  of  secondary  growths  of  thyroid  structure, 
without  any  obvious  primary  carcinoma  in  the  thyroid,  have  often 
been  published  (Runge,  1876;  Cohnheim,  1876;  Morris,  1880;  War¬ 
rington  Haward,  1882 ;  Coats,  1887 ;  Euziere,  Viallefont,  and  Bert, 
1930).  The  title  of  ‘  benign  metastasizing  goitre  ’  has  naturally  raised 
much  criticism.  The  view  that  cells  become  detached  from  the 
adenoma  (Regensburger,  1912)  is  on  the  same  lines  as  the  explanation 
put  forward  in  1892  by  Butlin  (1845-1912)  for  carcinomatous  growths 
in  the  groin  glands  without  any  carcinomatous  change  in  the  warty 
scrotum  of  sweeps.  From  analysis  of  77  reported  cases  of  so-called 
benign  metastasizing  goitres,  Simpson  (1926)  found  that  a  histological 
examination  of  the  thyroid  had  been  carried  out  in  29  only,  and 
concluded  that  there  is  not  any  proof  of  the  existence  of  benign 
metastasizing  goitre.  Graham  (1924)  classified  the  so-called  benign 
metastasizing  goitres  under  malignant  adenoma  and  relied,  for 
evidence  of  malignant  change  in  the  adenoma,  on  the  presence  of 
tumour-thrombi  in  the  blood-vessels  of  the  adenoma  and  not  on  the 
histological  character  of  the  cells. 

Bony  metastasis  is  a  prominent  feature  of  primary  carcinoma  of 
the  thyroid,  and  as  a  cause  of  secondary  growths  in  the  skeleton  comes 
after  carcinoma  of  the  breast  and,  according  to  Ewing  (1928),  of  the 
prostate.  They  are  prone  to  be  regarded  as  primary  malignant  disease 
of  bone,  usually  occur  in  women  between  the  ages  of  40  and  65,  and 
are  often  multiple.  Ehrhardt  (1902),  from  analysis  of  131  cases  of 
primary  carcinoma  of  the  thyroid,  concluded  that  dissemination 
occurs  by  the  blood-stream,  and  that  the  order  of  frequency  in  the 
bony  metastases  is  skull,  lower  jaw,  sternum,  vertebrae,  and  ribs.  To 
explain  why  the  bony  metastases  are  in  the  neighbourhood  of  the 
thyroid,  Cave  (1933)  suggested  that  the  embolic  cells  enter  the  arterial 
system  through  the  vasa  vasorum  locally.  The  metastases  may 
closely  resemble  normal  thyroid  tissue,  and  often  pulsate  so  as  to 
imitate  an  aneurysm.  They  are  comparatively  chronic,  usually  con- 
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tain  colloid  and  iodine,  and  secrete  the  thyroid  hormone.  This  was 
shown  in  a  dramatic  manner  in  Eiselsberg's  case  (1894),  in  which 
total  thyroidectomy  by  Billroth  was  followed  by  myxoedema  until  a 
secondary  growth  appeared  on  the  sternum,  when  the  symptoms  of 
thyroid  insufficiency  passed  off  only  to  return  five  years  later  when 
the  sternal  tumour,  which  contained  colloid  material,  was  removed. 

Clinical  Picture.  Though  the  thyroid  or  the  goitre  which  has 
taken  on  malignant  growth  does  not  necessarily  increase  in  size,  en¬ 
largement  may  be  slow  or  rapid  and  progressive.  The  growth  is  hard, 
becomes  fixed,  and  eventually  causes  pressure  symptoms  in  adjacent 
parts:  larynx,  trachea,  oesophagus,  nerves,  and  veins.  Hoarseness 
and  paralysis  of  the  vocal  cords  may  occur.  Pressure  on  the  trachea 
may  cause  displacement  and  dyspnoea,  and  invasion  of  the  trachea 
give  rise  to  haemorrhage.  There  may  be  dysphagia  and,  from  pressure 
on  nerves  of  the  brachial  plexus,  pain  and  loss  of  power.  Although 
some  degree  of  hypothyroidism  may  occur,  definite  myxoedema  is 
extremely  rare  ;  Gulliver  (1852-91)  reported  a  case  in  1886,  in  which 
the  carcinoma  was  thought  to  have  developed  in  the  atrophied  gland 
and  to  be  thus  secondary  to  myxoedema.  The  secretion  of  colloid  by 
the  tumour  cells  may  account  for  the  absence  of  myxoedema  and  for 
the  occurrence  of  hyperthyroidism,  of  which  Sattler  (1909)  collected 
15  examples — 11  of  carcinoma,  3  of  sarcoma,  and  2  of  undeter¬ 
mined  nature — in  malignant  disease  of  the  thyroid.  The  symptoms 
of  Graves’s  disease  may  be  delayed  until  the  metastases  appear 
(Lowy,  1909).  In  most  cases  the  basal  metabolic  rate  is  within  normal 
limits  (Palmer,  1934). 

Prognosis.  The  outlook  has  generally  been  regarded  as  very 
gloomy.  As  the  rate  of  growth  of  the  papillary  adeno- carcinomas  is 
usually  slow,  and  as  the  growth  in  malignant  adenomas  tends  to 
remain  inside  the  capsule  for  a  long  time,  the  prognosis  is  better  in 
these  two  than  in  the  other  forms  (Dinsmore,  1931 ;  Judd  and  Phillips, 
1933).  Among  312  patients  with  thyroid  cancer  of  various  forms  at 
the  Mayo  Clinic,  137,  or  44  per  cent.,  survived  for  five  years  or  more, 
and  64  for  ten  years  or  more  (Pemberton  and  Dixon,  1933). 

Diagnosis.  The  clinical  recognition  of  primary  carcinoma  before 
secondary  growths  occur  may  be  very  difficult,  as  the  thyroid  may 
not  be  enlarged  and  malignant  change  in  an  adenoma  may  be  quite 
latent.  Thrombosis  of  the  thyroid  and  jugular  veins  has  been  pointed 
out  as  a  diagnostic  sign  (Bland-Sutton,  1917).  The  scirrhous  form 
may  be  confused  with  Riedel’s  ligneous  thyroiditis  or  with  the  rare 
condition  of  gummatous  enlargement. 

Treatment.  As  a  prophylactic,  thyroidectomy  for  removal  of 
goitres  is  obvious,  and  malignant  disease  has  often  been  thus  dis¬ 
covered.  Early  operation  in  a  doubtful  case  is  therefore  desirable, 
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but  when  the  diagnosis  is  definite  the  condition  is  often  beyond  the 
reach  of  surgery. 

Treatment  by  irradiation  (X-rays  or  radium),  has  been  employed 
in  inoperative  cases  and  after  operation.  Thyroid  carcinoma  is  ex¬ 
tremely  sensitive  to  irradiation;  Graver  (1925),  who  reported  good 
results,  advocated  irradiation  in  preference  to  operation. 

Metastases  in  the  thyroid  are  rare.  Among  521  necropsies  on  cases 
of  malignant  disease  secondary  growths  in  the  thyroid  were  present 
in  1-5  per  cent.  (Muller,  1892),  and  among  323  cases  of  malignant 
growths  elsewhere,  in  which  the  thyroid  was  thoroughly  examined 
after  death,  Willis  (1934)  found  thyroid  metastases  in  14  or  4-3  per 
cent. ;  he  also  collected  117  other  cases  of  metastases  in  the  thyroid, 
the  primary  site  being  most  frequent  in  the  lungs,  then  in  the  mamma, 
from  melanomas,  and  in  the  kidney.  Microscopic  emboli  of  malignant 
cells  are  naturally  more  frequent  than  growths  visible  to  the  naked  eye ; 
among  89  necropsies  Rice  (1934)  found  them  in  9  cases,  5  of  which 
also  showed  macroscopic  tumours.  Direct  extension  from  primary 
growths  in  neighbouring  parts — the  oesophagus,  pharynx,  and  larynx 
— and  from  secondary  growths  in  the  lymphatic  glands  may  occur. 
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Other  Morbid  Conditions 

Thyroid  Addiction,  Thyroiditis  (p.  269),  Riedel’s  disease  (p.  270), 
Tuberculosis  (p.  271),  Syphilis  (p.  273),  Hodgkin’s  lympho¬ 
granuloma  (p.  273),  Hydatid  Cyst  (p.  274),  Actinomycosis 
(p.  274). 

Thyroid  Addiction.  Apart  from  the  lifelong  treatment  of  cretin¬ 
ism  and  myxoedema,  cases  occur  in  which  for  some  reason,  such  as 
reduction  of  over-weight  or  for  their  tonic.effect,  thyroid  preparations 
are  taken  for  long  periods  without  medical  supervision  (Moorhead, 
1931 ;  Patterson,  1934,  1935),  and  cause  symptoms  of  hyper¬ 
thyroidism. 

Boinet  in  1899  described  the  case  of  a  student  who  took  thyroid  in 
excessive  doses  for  generalized  exfoliative  dermatitis  and  manifested 
acute  mental  symptoms  and  those  of  Graves’s  disease,  except  exoph¬ 
thalmos,  which  persisted  for  several  weeks  after  the  thyroid  consump¬ 
tion  was  discontinued.  Somewhat  similar  cases  had  previously  been 
reported  by  Beclere  (1894)  and  Notthafft  (1898). 

Patterson  (1935)  contributed  a  valuable  review  of  the  recorded 
cases  of  the  production  of  hyperthyroidism  and  sometimes  of  serious 
cardiac  and  other  symptoms  by  long- continued  and  unauthorized 
thyroid  medication. 

He  quoted  the  case  (communicated  by  Sir  William  Hale-White)  of 
the  first  patient  to  be  given  thyroid  for  myxoedema  by  W.  M.  Ord: 
this  lady  had  been  so  impressed  by  its  effect  that  she  continued  to 
take  it  secretly  as  her  special  tonic  and  whenever  run  down  increased 
the  dose,  with  the  result  that  she  became  dangerously  ill ;  complete 
recovery  followed  cessation  of  this  practice.  Moller  (1930)  collected 
9  and  Brain  (1936)  20  cases  in  which  exophthalmos  was  produced; 
Patterson  noticed  a  desire  to  micturate  every  few  minutes  and  to 
defaecate  two  or  three  times  every  hour. 

Although  in  moderate  doses  thyroid  preparations  stimulate  ovarian 
function  and  may  favour  conception,  large  doses  taken  for  long 
periods  may  cause  amenorrhoea  (H.  Zondek,  1935). 

Beclere,  A.,  Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris,  1894,  3  s.,  xi.  631 ; 
Boinet,  E.,  Rev.  neurol.,  Paris,  1899,  vii.  564 ;  Brain,  W.  R.,  Lancet,  1936,  i.  182  ; 
Moller,  E.,  Actamed.  Scandinav.,  Stockholm,  1930,  lxxiii.  1 ;  Moorhead,  T.  G., 
Brit.  Med.  Journ.,  1931,  i.  442;  1 934,  ii.  84;  Notthafft,  A.  von.,  Centralhl.f.  inn. 
Med,.,  Leipz.,  1898,  xix.  353;  Patterson,  W.  S.,  Brit.  Med.  Journ.,  1934,  ii.  6; 
1935,  ii.  442  ;  Zondek,  H.,  Diseases  of  the  Endocrine  Glands,  Lond.,  1935,  p.  421. 


Diseases  of  the  Thyroid 

In  the  middle  of  the  last  century  Rokitansky  (1804-73)  wrote: 
‘as  a  general  rule  the  thyroid  is  liable  to  few  diseases,  and  of  these 
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diseases  we  are  almost  as  ignorant  as  we  are  regarding  the  structure 
and  functions  of  this  organ. 5 

Thyroiditis.  Acute  inflammation  of  a  mild  grade  occurs  in  many 
infections,  such  as  tonsillitis,  acute  rheumatism  (in  68  per  cent,  of 
the  cases  according  to  Vincent,  1908),  scarlet  fever,  influenza,  enteric 
fever,  measles,  and  mumps.  It  has  been  recorded  in  association  with 
erythema  nodosum  (Barlow,  1888),  and  it  has  been  said  to  be 
common  in  tuberculosis  (Maranon,  1932).  Simple  thyroiditis  usually 
subsides  within  a  week,  but  it  may  have  some  bearing  on  subsequent 
hypothyroidism  or  hyperthyroidism.  As  iodine  exerts  a  stimulating 
action  on  the  thyroid,  as  set  out  in  Kocher  s  jod-Basedowism  (1910), 
it  is  possible  that  bacterial  toxaemia  may  exert  a  similar  influence, 
though  the  opposite  effect  of  inhibition  due  to  fibrosis  would  seem 
more  probable. 

Suppurative  thyroiditis  is  rare;  it  may  occur  in  enteric  fever, 
scarlet  fever,  and  puerperal  infection  (de  Quervain,  1924).  In  enteric 
fever  it  usually  appears  late  in  the  course  of  the  fever,  in  convales¬ 
cence,  or  even  years  after,  and  specific  bacilli  may  be  present  in  the 
pus.  Existing  goitre  favours  suppuration;  among  10,000  goitres 
Crile  (1932)  reported  74  cases  of  abscess. 

Murray  (1920)  recorded  a  tympanitic  cystic  goitre  with  acute 

toxaemia,  due  to  gas  and  pus  which  contained  B.  coli. 

Among  41  cases  of  suppurative  thyroiditis  in  adults  9,  or  22  per 
cent.,  proved  fatal  (Robertson,  1911).  It  is  very  rare  in  childhood, 
but  is  important  as  juvenile  myxoedema  may  follow. 

Chagas’s  Disease.  A  form  of  trypanosomiasis  in  South  America, 
due  to  the  Trypanosoma  cruzi,  was  described  by  Oswaldo  Cruz  (1872- 
1917)  and  Carlos  Chagas  (1879-1934),  Director  of  the  Oswaldo  Cruz 
Institute  at  Rio  Janeiro,  in  1909  as  transmitted  by  the  bug  Triatoma 
megista.  The  central  nervous  system,  thyroid,  spleen,  lymphatic 
glands,  and  sometimes  the  liver  and  myocardium  are  infected.  This 
parasitic  thyroiditis  is  widespread  in  South  America  from  the 
Argentine  to  Honduras.  Children  are  specially  attacked,  and  show 
grave  anaemia,  infantilism,  mental  retardation,  oedema  generalized 
or  local.  The  acute  form  with  thyroid  enlargement  may  be  followed 
by  a  chronic  condition  with  symptoms  of  myxoedema,  adrenal  in¬ 
sufficiency,  cardiac  failure,  and  spastic  paraplegia.  Crookshank  in 
1917  drew  an  analogy  between  this  epi-endemic  form  of  thyroiditis 
and  nervous  cretinism. 

Barlow,  T.,  Trans.  Clin.  Soc.  Lond.,  1888,  xxi.  67;  Chagas,  C.,  Nouv.  icono- 
graph.  de  la  Salpetriere,  Paris,  1913,  xxvi.  1;  Crile,  G.,  and  Associates,  Diagnosis 
and  Treatment  of  Diseases  of  the  Thyroid  Gland ,  Phila.,  1932  ;  Crookshank,  F.  G., 
Lancet,  1917,  i.  604;  Maran6n,  G.,  Rev.  f rang,  d'endocrinol.,  Paris,  1932,  x.  189; 
Murray,  G.  R.,  Brit.  Med.  Journ.,  1920,  ii.  807;  Quervain,  F.  de,  Goitre, 
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Loncl.,  1924,  p.  172;  Robertson,  W.  S.,  Lancet,  1911,  i.  930;  Rokitansky,  C., 
Manual  of  Pathological  Anatomy,  transl.  Sydenham  Society,  1852,  iv.  124; 
Vincent,  H.,  Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris,  1906,  3  s.,  xxiii.  602; 
1908,  3  s.,  xxv.  677. 

Riedel’s  Disease.  In  1885  A.  A.  Bowlby  (1855-1929)  reported 
an  'infiltrating  fibroma  (?  sarcoma) 5  of  the  thyroid  in  a  woman  aged 
42.  This  was  the  first  account  of  the  condition  of  ligneous  thyroiditis, 
iron  struma,  benign  granuloma,  or  Riedel’s  thyroiditis  or  disease,  as 
it  is  more  commonly  called  after  its  second  describer  in  1896  and 
1897.  Williamson  and  Pearse  (1925)  included  under  the  title  of 
lymphadenoid  goitre  the  following  different  aetiological  changes: 
'Riedel’s  goitre,  myxoedematous  goitre,  syphiloma,  tuberculoma, 
endothelioma,  and  sarcoma. 5 

It  is  probably  not  so  rare  as  has  been  thought.  In  1925  Shaw  and 
Smith  collected  23  cases  and  added  6 ;  in  1926  Smith  and  Clute 
collected  35  cases  by  15  authors  and  also  added  5  more,  making  40 
in  all.  In  addition  it  is  stated  that  Crile  has  seen  13  cases,  and  that 
among  10,500  thyroidectomies  at  the  Mayo  Clinic  there  were  48  of 
Riedel’s  thyroiditis  (St.  George,  1924).  It  occurs  mainly  in  females; 
among  Smith  and  Clute’s  40  cases  30  were  females.  It  usually 
appears  in  the  fourth  decade. 

It  has  been  suggested  that  inflammation  spreads  into  the  thyroid 
from  the  pharynx  or  trachea  and  possibly  by  way  of  persistent 
remnants  of  the  ultimate  branchial  bodies  which  may  reduce  the 
resisting  vitality  of  the  thyroid,  thereby  rendering  it  more  susceptible 
to  morbid  changes  (Meeker,  1925).  Syphilis  was  incriminated  by 
Poncet  and  Leriche  (1912),  and  Monod  (1922)  collected  the  cases 
supporting  this  aetiological  factor.  McCarrison  (1929)  produced  a 
similar  condition  by  a  diet  deficient  in  vitamins. 

Morbid  Anatomy.  The  thyroid  becomes  densely  fibrosed  and  its 
capsule  adherent  to  the  trachea,  oesophagus,  and  other  adjacent 
parts.  In  the  form  described  by  Hashimoto  {vide  p.  271)  adhesions 
to  adjacent  parts  are  stated  not  to  occur.  The  histological  changes 
in  the  early  stages  show  extensive  infiltration  with  round  cells, 
chiefly  lymphocytes  and  plasma  cells,  with  the  formation  of  lymphoid 
foci.  The  epithelium  proliferates  and  subsequently  degenerates ;  the 
acini  lose  their  colloid,  but  epithelial  cells  fusing  around  masses  of 
colloid  form  pseudo-giant  cells  which  may  resemble  those  of  tubercu¬ 
losis.  Progressive  fibrosis  follows. 

Clinical  Picture.  There  is  little  or  no  pain,  but  mechanical 
constriction  of  the  trachea  and  oesophagus  causes  dyspnoea  and 
dysphagia.  It  is  usually  stated  that  myxoedema  is  absent,  unless 
the  whole  thyroid  has  been  excised;  but  Hurxthal  (1933)  reported 
mild  myxoedema  in  two  patients  who  had  not  been  operated  upon. 
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Diagnosis.  Struma  lymphomatosa,  or  extreme  lymphoid  infiltra¬ 
tion  of  the  thyroid,  was  described  as  distinct  from  Riedel's  disease 
by  Hashimoto  in  1912.  Ewing  (1928)  regarded  it  as  merely  an  early 
stage  of  Riedel’s  disease.  Hashimoto’s  contention,  however,  received 

O 

support  from  McCullagh  and  Graham  (1931)  and  from  Lee  (1935) ; 
Graham  (1931)  analysed  the  published  cases  and  accepted  41  as 
Riedel's  thyroiditis  which  he  regarded  as  a  purely  local  change,  and 
24  as  Hashimoto’s  struma  lymphomatosa  which  he  suggested  was 
not  an  early  stage  of  Riedel’s  thyroiditis,  but  a  local  manifestation 
of  a  constitutional  disorder,  the  nature  of  which  is  unknown.  Polo  we 
(1934)  reported  a  case  with  hyperthyroidism. 

The  hardness  of  the  gland  may  suggest  malignant  disease,  but  the 
lymphatic  glands  are  not  involved.  In  rare  instances  chronic  non¬ 
suppurative  tuberculosis  of  the  thyroid  imitating  Riedel  s  thyroiditis 
has  been  reported  (Kraft,  1929 ;  A.  and  A.  C.  van  Ravenswaay, 
1933). 

Treatment  consists  in  resection  of  the  isthmus  which  obviates  the 
tension.  Complete  thyroidectomy  presents  considerable  difficulties 
and,  as  mentioned  above,  is  obviously  likely  to  cause  operative 
myxoedema.  Meeker  mentioned  6  such  cases,  and  stated  that  iodide 
of  potassium  did  not  exert  any  beneficial  effect.  In  1911  Delore 
and  Alamartine  advocated  X-ray  treatment  as  almost  specific ;  but 
in  1925  Shaw  and  Smith  stated  that  this  form  of  treatment  and 
drugs  were  useless. 

Bowiby,  A.  A.,  Trans.  Path.  Soc.,  Lond.,  1885,  xxxvi.  420;  Delore,  X.,  et 
Alamartine,  H.,  Rev.  de  chir.,  Paris,  1911,  xliv.  1-32;  Ewing,  J.,  Neoplastic 
Diseases,  3rd  edit.,  Phila.,  1928,  p.  961 ;  Graham,  A.,  Trans.  Am.  Study  Goitre, 
Kansas  City,  1931,  p.  3;  Graham,  A.,  and  McCullagh,  E.  P.,  Arch.  Surg., 
Chicago,  1931,  xxii.  548;  Hashimoto,  H.,  Arch.  f.  klin.  Chir.,  Berlin,  1912, 
xcvii.  219;  Hurxthal,  L.  M.,  Arch.  Int.  Med.,  Chicago,  1933,  lii.  31;  Joll, 
C.  A.,  Diseases  of  the  Thyroid  Gland,  Lond.,  1932,  p.  112;  Kraft,  H.  C.,  Rev. 
med.  Suisse  Rom.,  Geneve,  1929,  xlix.  562 ;  Lee,  J.  G.,  Arch.  Surg.,  Chicago,  1935, 
xxxi.  982;  McCarrison,  R.,  Brit.  Med.  Journ.,  1929,  i.  5;  Meeker,  L.,  Am. 
.Journ.  Path.,  Boston,  1925,  i.  57  ;  Monod,  G.  R.,  These  de  Paris,  No.  410,  1922  ; 
Polowe,  D.,  Arch.  Surg.,  Chicago,  1934,  xxix.  768 ;  Poncet,  A.  et  Leriche,  R., 
Bull,  et  mem.  Soc.  chir.  de  Paris,  1912,  xxxviii ;  Ravenswaay,  A.,  and  A.  C.  van, 
Am.  Journ.  Surg.,  N.Y.,  1933,  xix.  128;  Riedel,  B.,  Verhandl.  d.  deutsch. 
Gesellsch.f.  Chir.,  Berlin,  1896,  xxv.  101;  1897,  xxvi.  127;  Smith,  W.  L.,  and 
Clute,  H.  M.,  Am.  Journ.  Med.  Sc.,  Phila.,  1926,  clxxii.  403;  Shaw,  A.  F.  B., 
and  Smith,  R.  P.,  Brit.  Journ.  Surg.,  Bristol,  1925—6,  xiii.  93;  St.  George, 
A.  V.,  Ann.  Surg.,  Phila.,  1924,  lxxx.  25;  Williamson,  G.  S.,  and  Pearse, 
I.  H.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1925,  xxviii.  361. 

Tuberculosis.  Rokitansky  in  1852  stated  that  the  thyroid  was 
scarcely  ever  the  site  of  tuberculosis,  Virchow  (1821-1902),  while 
fully  aware  of  the  occurrence  of  miliary  tubercles,  argued  that  there 
was  an  antagonism  between  goitre  and  tuberculosis,  and  in  the  middle 
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of  the  last  century  tuberculous  patients  were  sent  to  districts  where 
goitre  was  endemic.  Wilks  (1824-1911)  writing  in  1889  had  never 
seen  it;  but  Chiari  (1851-1916)  in  1878  had  found  the  thyroid 
involved  in  6  per  cent,  of  tuberculous  subjects.  Eraenkel  (1886) 
reported  6  cases,  all  in  tuberculous  subjects,  among  380  consecutive 
necropsies.  It  is  very  rare  for  tuberculosis  to  supervene  in  established 
Graves’s  disease,  and  it  has  been  thought  that  the  thyroid  inhibits 
this  infection.  Experimentally,  however,  exposure  of  tubercle  bacilli 
to  thyroid  juice  has  not  impaired  their  activity  as  estimated  by  subse¬ 
quent  inoculation  into  animals  such  as  guinea-pigs  (Nather,  1921 ; 
Gloyne,  1925).  Among  17,963  thyroids  examined  in  the  operating 
theatre  or  post-mortem  room  tuberculosis  was  present  in  0-34  per 
cent.,  but  in  cases  fatal  from  active  tuberculosis  the  percentage  was 
much  higher  (A.  and  A.  C.  van  Ravenswaay,  1933).  Among  20,758 
thyroids  removed  at  the  Mayo  Clinic  during  eleven  years  21,  or  0-1 
per  cent.,  showed  microscopic  evidence  of  tuberculosis  (Rankin  and 
Graham,  1932).  In  generalized  miliary  tuberculosis  the  thyroid,  like 
other  parts  of  the  body,  commonly  contains  some  miliary  tubercles. 

Caseous  tuberculosis  is  rare ;  one  of  the  first  reported  cases  was 
that  by  Bruns  (1893) ;  Arnd  (1912)  collected  44  such  cases  regarded 
as  primary;  but  Marine  (1922)  did  not  accept  primary  tuberculosis 
of  the  thyroid.  Fibrosis  without  tubercles  or  tubercle  bacilli  was 
described  in  tuberculous  patients  by  Roger  and  Gamier  (1900). 
Chronic  non-suppurative  thyroiditis  inducing  a  condition  like  Riedel’s 
ligneous  thyroiditis  has  been  ascribed  to  tuberculosis  (Kraft,  1929 ; 
A.  and  A.  C.  van  Ravenswaay) ;  but  unless  tubercle  bacilli  are 
demonstrated  the  giant  cells  may  be  the  pseudo-tubercles  occurring 
in  Riedel’s  thyroiditis  {vide  p.  270). 

The  clinical  features  of  caseous  tuberculomas  have  imitated  those 
of  malignant  disease :  hard  nodular  enlargement  and  compression  of 
the  trachea ;  but  sometimes  caseous  tuberculosis  has  been  first  made 
manifest  at  the  necropsy.  In  one  such  case  an  abscess  in  the  left 
lobe  discharged  into  the  oesophagus  (Rolleston,  1897). 


Arnd,  C.,  Deutsche  Ztschr .  f .  Chir.,  Leipz.,  1912  (Festschrift  T.  Kocher),  cxvi.  7  ; 
Bruns,  P.,  Beitr.  z.  lclin.  Chir.,  Tubingen,  1893,  x.  1 ;  Chiari,  H.,  Med.  Jahrh., 
Wien,  1878,  viii.  68  ;  Fraenkel,  E.,  Virchows  Arch.,  1886,  civ.  58  ;  Gloyne,  S.  R., 
Journ.  Path,  and  Bacteriol.,  Edin.,  1925,  xxviii.  451 ;  Kraft,  H.  C.,  Rev.  med. 
de  la  Suisse  Rom.,  Geneve,  1929,  xlix.  562;  Marine,  D.,  Endocrinology  and 
Metabolism  (Barker),  1922,  i.  269;  Nather,  K.,  Mitt.  a.  d.  Grenzgeb.  d.  Med.  u. 
Chir.,  Jena,  1921,  xxxiii.  375;  Rankin,  F.  W.,  and  Graham,  A.  S.,  Ann.  Surg., 
Phila.,  1932,  xcvi.  625;  Ravenswaay,  A.,  and  A.  C.,  Am.  Journ.  Surg.,  N.Y., 
1933,  xix.  128;  Roger,  H.,  et  Garnier,  M.,  Arch.  gen.  de  med.,  Paris,  1900, 
n.s.,  iii.  385;  Rokitansky,  C.,  Manual  of  Pathological  Anatomy,  Sydenham 
Soc.  Lond.,  1852,  iv.  127;  Rolleston,  H.  D.,  Trans.  Path.  Soc.  Bond.,  1897, 
xlviii.  197;  Wilks,  S.,  Lectures  on  Pathological  Anatomy,  Lond.,  1889,  p.  303. 
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Syphilis.  Syphilitic  lesions  are  rare.  Ewald  (1845-1915)  in  1896 
suggested  that  on  account  of  its  iodine  content  the  thyroid  was  some¬ 
what  immune  to  this  infection.  Congenital  lesions,  described  by 
Birch  -  Hir  schfeld  (1896)  and  Parrando  (1902),  have  been  thought  in 
exceptional  instances  to  be  responsible  for  the  occurrence  of  both 
infantile  myxoedema  (Taylor,  1925)  and  of  foetal  hyperthyroidism 
(Clark,  1914). 

In  the  secondary  stage  of  the  acquired  disease  soft  and  painless 
enlargement  was  noted  by  Engel-Reimers  (1892)  in  86,  or  56-6  per 
cent.,  of  152  women  and  in  44,  or  45  per  cent.,  of  98  men.  Lancereaux 
(1829-1910)  in  1866  did  not  know  of  a  case  of  gummatous  change, 
but  cautiously  added  that  this  might  be  due  to  negligence  in  the 
performance  of  necropsies.  In  1910  Davis  collected  20  cases  of 
tertiary  syphilitic  lesions,  the  earliest  being  that  of  Wagner  (1863) , 
among  them  were  3  of  gummatous  change  in  infants  (Demme,  1879). 
Senear,  who  in  1918  analysed  23  cases  (11  in  women  out  of  18  in 
which  the  sex  was  stated),  did  not  accept  all  those  collected  by  Davis. 
In  1914  Farrant  (1884-1921)  found  excessive  fibrosis  in  19  cases  of 
late  syphilis.  The  gummatous  thyroid  may  form  quite  a  large  tumour 
(Bruce  Clarke,  1897).  The  first  case  in  an  adult  to  be  confirmed  by 
histological  examination  was  that  of  Barth  and  Gombault  in  1884. 
Among  Senear’s  23  cases  2  had  myxoedema;  Pospjeloff  in  1893 
recorded  a  case  with  some  symptoms  of  myxoedema  and  diabetes 
insipidus,  both  of  which  were  removed  by  anti-syphilitic  treatment. 
From  the  dense  hardness  of  the  thyroid  the  diagnosis  from  primary 
malignant  disease  may  be  difficult. 

Barth  et  Gombault,  Progres  mid.,  Paris,  1884,  xii.  834 ;  Clark,  O.,  Journ.  Am. 
Med.  Assoc.,  Chicago,  1914,  lxiii.  195;  Clarke,  W.  B.,  Lancet,  1897,  ii.  389; 
Davis,  B.  F.,  Arch.  Int.  Med.,  Chicago,  1910,  v.  47  ;  Demme,  R.,  in  Krankheiten 
der  Schilddrusen  (C.  Gerhardt),  Tubingen,  1878,  iii,  part  2,  337;  Engel- 
Reimers,  J.,  Jahrb.  der  Hamburgischen  Staatskrankenanst.,  1891-2,  iii.  430; 
Ewald,  C.  A.,  Verhandl.  Kongr.  inn.  Med.,  Wiesb.,  1896,  xiv.  101 ;  Farrant, 
R.,  Proc.  Roy.  Soc.  Med.,  1914,  vii  (Path.  Sect.).  49;  Lancereaux,  E.,  Treatise 
on  Syphilis,  Historical  and  Practical,  transl.  New  Sydenham  Soc.,  1868,  i.  377; 
Parrando,  G.  G.,  Gazz.'di  osp.,  Milano,  1902,  xxiii.  186;  Posrjeloff,  A.  I., 
Monatsh.f.  prakt.  Dermat.,  1894,  xix.  125 ;  Senear,  F.  E.,  Am.  Journ.  Med.  Sc., 
Phila.,  1918,  civ.  691 ;  Wagner,  E.,  Arch,  der  Heilk.,  Leipz.,  1863,  iv.  356. 

Hodgkin’s  Lymphogranuloma  (Lymphadenoma)  has  been  re¬ 
ported  in  a  few  cases  (Longcope,  1903 ;  Beitzke,  1909  ;  Ziegler,  1911 ; 
Krammer,  1930  ;  Goldman  and  Newman,  1934).  Benefit  has  followed 
X-ray  exposures  (Lerman).  Infiltration  of  the  isthmus  from  adjacent 
lymphatic  glands  has  imitated  thyroid  adenoma  (Warnshuis,  1933). 

Beitzke,  Verhandl.  d.  deutsch.  path.  Gesellsch.,  Berlin,  1909,  xiii.  224,  Gold¬ 
man,  L.  M.,  and  Newman,  J.,  Am.  Journ.  Med.  Sc.,  Phila.,  1934,  clxxxvii. 
744;  Krammer,  E.,  Arch.  f.  klin.  Chir.,  Berlin,  1930,  clx.  234;  Lerman,  J., 
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Med.  Clinics,  North  America,  1933,  xvi.  1003;  Longcope,  W.  T.,  Ayer  Clin. 
Lab.  Penn.  Hosp.,  1903,  i.  4;  Warnshuis,  L.,  Med.  Clinics,  North  America, 
1933,  xvii.  297 ;  Ziegler,  K.,  Die  Hodgkinsche  Krankheit,  Jena,  1911. 


Hydatid  cysts  are  rare  ;  Decressac  (1888)  recorded  a  case  ;  Landi- 
var  (1915)  collected  31  cases  (29  from  literature  and  2  from  his  own 
experience).  It  appears  that  the  condition  has  not  been  diagnosed 
before  exploration.  It  is  due  to  haemic  infection,  except  in  the  most 
exceptional  event  of  an  open  wound  in  the  neck  being  licked  by  a 
dog.  The  cyst  imitates  a  thyroid  tumour  and  has  been  known  to 
rupture  into  the  trachea. 

Actinomycosis.  Koehler  (1894)  reported  this  in  a  case  with 
myxoedema. 

Hydatid  Cysts. 

Decressac,  E.,  Bull.  Soc.  anat.,  Paris,  1888,  5  s.,  ii.  684;  Landivar,  A.  F., 
Pressa  Argent.,  Buenos  Aires,  1915,  xvi.  25. 

Actinomycosis . 

Koehler,  R.,  Berlin,  klin.  W chnschr .,  1892,  xxix.  743. 


CHAPTER  V 

PARATHYROIDS 

Synonyms.  Marine  (1928)  quoted  the  following:  glandules 
thyreoidiennes  (Gley,  1891),  glandules  thymiques  (Prenant,  1896), 
glandules  branchiales  (Herrmann  and  Verdun,  1899),  parathymus 
III  and  IV  (Groschuff,  1900).  The  name  ‘  parathyroid  ’  is  unfortunate, 
as  it  may  be  thought  to  imply  not  only  an  anatomical  relation,  but 
also  a  close  physiological  resemblance  to  the  thyroid.  In  order  to 
obviate  this  misrepresentation  A.  Kohn  (1867-  )  in  1895  suggested 

the  title  4 epithelial  bodies’,  adopted  from  Maurer,  who  in  1887  had 

described  similar  structures  in  the  frog. 

The  presence  of  what  were,  or  may  have  been,  parathyroids  was 
observed  by  Robert  Remak  (1815-65)  of  Berlin  in  1855,  by  Richard 
Owen  (1804-92),  Superintendent  of  the  Natural  History  Department 
of  the  British  Museum,  who  in  1862  described  in  an  Indian  rhinoceros 
‘  a  small,  compact,  yellow,  glandular  body  attached  to  the  thyroid 
where  the  veins  emerge’,  and  by  Virchow  (1821-1902)  in  1863  in 
man.  But  the  first  systematic  account  of  a  ‘new  gland’  was  given 
in  1880  by  Ivar  Victor  Sandstrom  (1852-89)  of  Uppsala  ;  he  described 
two  parathyroids  on  each  side  of  the  neck  in  man,  finding  them  in  43 
out  of  50  bodies.  In  horses,  cats,  and  rabbits  he  found  one  para¬ 
thyroid  on  each  side.  He  regarded  them  as  embryonic  portions  of 
thyroid  tissue  and  as  reserves  of  the  main  gland. 

Ivar  Victor  Sandstrom  was  bom  in  1852  in  Stockholm  and  entered 
the  University  of  Uppsala  in  1871,  became  assistant  in  the  Institute 
of  Anatomy  there  (1875-7),  praelector  in  that  subject  (1879-80),  and 
proceeded  to  his  degree  (legitimation)  in  1887.  He  taught  histology  m 
the  University  of  Uppsala,  and  received  the  Florman  prize  of  the 
Royal  Institute  of  Science  and  the  Hwasser  prize  at  the  Uppsala 
College  of  Physicians  for  his  work  on  ‘A  New  Gland  of  Man  and  some 
Animals’.  Becoming  mentally  unstable,  he  committed  suicide  m  1889. 

In  1880  Anton  Wolfler  (1850-1917),  Billroth’s  first  assistant  and 
afterwards  professor  of  surgery  at  Graz  and  Prague,  noticed  areas  of 
young  tissue  with  colloid  in  the  thyroid  which  he  described  as  1  foetal 
rests’,  and  which  have  been  thought  to  be  intrathyroid  parathyroids 
(Shattock,  1898;  Berard  and  Alamartine,  1909).  In  1881  Cresswell 
Baber  (1850-1910)  in  the  account  of  the  minute  anatomy  of  the 
thyroid  gland,  independently  described  them  under  the  heading  of 
‘undeveloped  portions’  of  the  thyroid,  though  he  admitted  the 
absence  of  any  evidence  that  they  ever  formed  thyroid  tissue ;  he 
found  them  in  sheep,  seals,  foetal  pigs,  kittens,  rooks,  and  pigeons, 
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and  gave  two  figures,  naked-eye  and  microscopical,  of  them  in  the 
dog.  These  appearances  were  confirmed  by  Horsley  in  1885  and  by 
Rogowitsch  in  1888. 

The  descriptions  of  the  parathyroids  attracted  very  little  attention 
until  in  1891  Eugene  Gley  (1857-1930)  of  Paris  rediscovered  the 
external  or  lower  parathyroids  (III)  in  rabbits,  and  after  doing  so 
came  across  Sandstrom’s  description  to  which  he  referred,  and  then 
set  to  work  on  their  physiological  and  pathological  bearings.  In  1892 
H.  Cristiani  of  Geneva  pointed  out  that  in  rats  the  parathyroids  are 
often  embedded  in  the  substance  of  the  thyroid.  In  1893  Chantemesse 
(1851-1919)  and  R.  Marie  confirmed  Sandstrom’s  description  of  the 
parathyroids  in  man,  and  found  several  parathyroids  in  the  lower 
site  close  to  the  inferior  thyroid  artery,  but  only  one  parathyroid 
above. 

In  1895  A.  Kohn  pointed  out  that  in  animals  the  internal  or  upper 
(IV)  pair  of  parathyroids  are  embedded  in  the  substance  of  the 
thyroid.  This  observation  showed  the  fallacy  of  the  conclusion  that 
survival  after  experimental  excision  of  the  external  parathyroids 
proved  that  the  parathyroids  are  not  essential  to  life.  Kohn  was  the 
first  to  show  that  the  parathyroids  are  anatomically  and  physio¬ 
logically  distinct  from  the  thyroid.  D.  A.  Welsh  in  1898  expressed 
the  same  opinion. 

In  1907  Forsyth  found  that  the  available  papers  on  the  pathological 
aspects  of  the  parathyroids  were  less  than  fifty.  The  rapid  increase 
of  interest  since  1891  in  the  parathyroids  is  shown  by  the  extensive 
literature  ;  Collip  and  Thomson's  review  of  the  whole  subject  in  1932 
contains  references  to  548  articles. 

Baber,  E.  C.,  Phil.  Trans.,  Lond.,  1881,  clxxii.  600;  Berard,  L.,  et  Ala- 
martine,  H.,  Lyon  chir.,  1908-9,  i.  721  ;  Chantemesse,  A.,  et  Marie,  R.,  Bull, 
et  mem.  Soc.  med.  d.  hop.  de  Paris,  1893,  3  s.,  x.  202 ;  Cristiani,  H.,  Compt.  rend. 
Soc.  biol.,  Paris,  1892,  xliv.  798;  Forsyth,  D.,  Quart.  Journ.  Med.,  Oxford, 
]907— 8,  i.  288;  Gley,  E.,  Compt.  rend.  Soc.  biol.,  Paris,  1891,  xliii.  841,  843; 
idem,  Arch,  physiol,  norm,,  et  path.,  Paris,  1892,  xxiv.  135;  Horsley,  V.,  Brit. 
Med.  Journ.,  1885,  i.  1 1 1 ;  Kohn,  A.,  Arch.f.  milcr.  Anat.,  Bonn,  1895,  xlix.  366; 
Marine,  D.,  Special  Cytology  (Cowdry),  N.Y.,  1928,  i.  575;  Maurer,  F., 
Morphol.  Jahrb.,  Leipz.,  1887,  xiii.  296;  Owen,  R.,  Trans.  Zool.  Soc.,  Lond., 
1862,  iv.  48;  Prenant,  A.,  Anat.  Anz.,  Jena,  1896,  xii.  242;  Sandstrom,  I.  V., 
Upsala  Lakaref.  Forh.,  1880,  xv.  441;  and  Schmidts  Jahrb.,  Leipz.,  1880, 
clxxxvii.  114;  Thomson,  D.  L.,  and  Collip,  J.  B.,  Physiol.  Rev.,  Baltimore,  1932, 
xii.  309;  Virchow,  R.,  Die  krankhaften  Geschwulste,  Berlin,  1867,  iii.  13; 
Welsh,  D.  A.,  Journ.  Anat.  and  Physiol.,  Lond.,  1898,  xxxii.  292,  380; 
Wolfler,  A.,  Ueber  die  Entwickelung  und  den  Bau  der  Schilddruse,  Berlin, 
1880. 

Embryology.  The  upper  parathyroid  (IV  parathyroid)  is  de¬ 
veloped  from  the  entoderm  of  the  fourth  branchial  cleft,  and  descends 
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a  comparatively  short  distance  to  lie  behind  the  upper  pole  of  the 
thyroid.  The  lower  parathyroid  (III  parathyroid)  arises  from  the 
entoderm  of  the  third  branchial  cleft  (Kiirsteiner,  1899)  and  descends 
with  the  attached  thymus  to  a  position  well  below  that  of  the  upper 
(IV)  parathyroid,  and  may  be  embedded  in  the  thymus.  If  the 
attachment  to  the  thymus  becomes  prematurely  dissolved  before 
the  descent  occurs,  the  parathyroid  may  remain  high  up  and  near  the 
third  arch.  Small  accessory  masses  of  thymus  tissue  may  be  adherent 
to  the  parathyroids. 

Anatomy.  The  parathyroids  vary  considerably  in  number,  posi¬ 
tion,  size,  and  shape,  as  was  shown  by  Forsyth  (1907),  Halsted  (1907), 
and  others.  They  are  usually  situated  in  the  groove  between  the 
trachea  and  oesophagus,  and  close  to  the  posterior  surface  of  the 
lateral  lobes  of  the  thyroid,  the  upper  parathyroid  (IV)  lying  among 
the  branches  of  the  superior  thyroid  artery,  the  lower  parathyroid 
(III)  near  the  inferior  thyroid  artery.  Spherical,  oval,  lenticular,  or 
flattened,  their  average  size  is  6  mm.  in  length,  4  mm.  in  breadth, 
and  2  mm.  in  thickness  (Berkeley,  1905),  the  lower  parathyroid  (III) 
being  larger,  often  twice  the  size  of  the  upper  parathyroid  (Marine, 
1928).  Welsh  (1898)  found  that  their  weight  varied  widely,  and 
without  any  relation  to  that  of  the  thyroid.  According  to  Halsted 
(1907)  they  often  resemble  fat,  both  in  colour  and  consistence.  Fat 
cells  and  intracellular  lipoids  account  for  a  yellowish  tint,  but  in 
children  the  glands  are  pinkish  and  in  adults  a  darker  red.  Abel 
(1926)  estimated  the  sheer  weight  of  all  the  parathyroids  as  0-5  gm. 
or  7  to  8  grains.  They  weigh  more  in  females  than  in  males,  and  more 
in  the  nulliparous  than  in  other  women  (Pappenheimer  and  Wilens, 
1935 ).  The  glands  have  a  thin  capsule  of  their  own,  and  are  frequently 
enclosed  between  the  thyroid  fascia  and  the  capsule  of  the  thyroid 
(Curtis,  1930). 

One  or  more  parathyroids  may  be  embedded  in  the  substance  of 
the  thyroid  (Forsyth,  1907;  Getzowa,  1907),  as  is  constant  in  the 
monkey,  the  animal  nearest  to  man  (Walton,  1931 ).  The  parathyroids 
must  be  distinguished  from  accessory  and  aberrant  thyroids,  pieces 
of  the  thymus,  lymphatic  and  haemo-lymph  glands ;  microscopic 
examination  may  be  necessary  to  be  certain  about  their  nature. 

In  his  anatomical  study  of  64  human  bodies  W.  G.  MacCallum 
pointed  out  in  1906  that,  though  there  are  usually  two  pairs  of  para¬ 
thyroids,  the  number  of  glands  is  not  constant ;  there  are  the  widest 
variations  in  their  positions,  that  the  adjectives  ‘external’  and  ‘in¬ 
ternal  ’  applicable  to  animals,  such  as  the  dog,  with  one  pair  embedded 
in  the  thyroid,  should  not  be  employed  in  human  anatomy  for,  con¬ 
trary  to  some  observers  (Getzowa,  Erdheim,  Forsyth),  he  had  not  seen 
a  parathyroid  included  in  the  substance  of  a  human  thyroid,  and 
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stated  that  they  were  separated  from  the  thyroid  by  connective  tissue. 
From  dissection  of  58  human  bodies  Forsyth  (1907)  emphasized  the 
inconstancy  of  the  number,  position,  and  size  of  the  parathyroids, 
and  that  they  were  most  numerous  in  infancy — in  one  infant  as  many 
as  eleven — whereas  accessory  thyroids  were  not  found  in  75  per  cent, 
of  babies  under  one  year  of  age  but  were  present  in  95  per  cent,  of 
children  more  than  two  years  old ;  he  therefore  concluded  that  para¬ 
thyroids  become  converted  into  accessory  thyroids. 

In  25  human  subjects  Heinbach  (1933)  found  that  the  average 
number  of  parathyroids,  which  varied  between  2  and  6,  was  3-2,  and 
he  deprecated  any  dogmatic  statement  that  there  are  normally  two 
pairs  on  each  side,  as  this  was  so  in  one  quarter  only  of  his  dissections. 
He  found  7  per  cent,  of  the  glands  opposite  the  cranial  third  of  the 
thyroid,  57  per  cent,  opposite  the  middle  third,  25  per  cent,  near  the 
caudal  end  of  the  thyroid,  and  11  per  cent,  caudal  to  the  thyroid. 

T.  P.  Dunhill’s  frank  and  independent  paper,  published  as  recently 
as  1924,  shows  the  mental  attitude  of  surgeons  who,  having  j^erformed 
many  thyroidectomies  without  the  complication  of  tetany,  were  some¬ 
what  sceptical  about  the  parathyroids ;  on  investigating  the  matter 
for  himself  Dunhill  found  that  he  could  demonstrate  them  with 
precision,  and  that  the  two  lower  parathyroids  at  least  are  outside  the 
capsule  of  the  thyroid. 

Accessory  and  Aberrant  Parathyroids.  Multiplicity  of  para¬ 
thyroids  in  man  was  pointed  out  by  Chantemesse  and  Marie  (1893), 
and  especially  by  Forsyth  (1907).  Parathyroid  nodules  may  occur 
in  any  part  of  the  branchial  area,  and  may  be  combined  with  thyroid, 
lymphatic,  or  thymic  tissue.  They  are  very  frequent  in  animals ;  in  pigs 
one  parathyroid  (IV)  only  persists  on  each  side  and  is  often  embedded 
in  the  anterior  prolongation  of  the  thymus,  a  considerable  distance 
above  the  thyroid  (Schlotthauer  and  Higgins,  1934);  parathyroid 
tissue  has  been  often  reported  in  the  thymus  in  other  animals,  for 
example,  in  rabbits  (Pepere,  1908).  In  man,  however,  aberrant  para¬ 
thyroids  embedded  in  the  thymus  have  seldom  been  described  ;  Erd- 
heirn  (1903)  reported  this  in  3  infant  cretins,  Duperie  (1928)  in  4 
(not  cretins)  out  of  100  babies  examined  microscopically,  and 
Brewer  (1934)  in  4  cases  (2  infants,  2  adults).  The  presence  of  para¬ 
thyroid  tissue  in  the  human  thymus  may  be  important,  for  tetany 
has  followed  thymectomy,  and  a  parathyroid  adenoma  in  the  thymus 
might  possibly  be  responsible  for  generalized  osteitis  fibrosa  in  cases 
in  which  an  enlarged  parathyroid  cannot  be  found  in  the  neck  or 
embedded  in  the  thyroid  when  the  neck  is  explored  during  an 
operation  (Brewer,  1924).  The  presence  of  parathyroid  as  well  as  of 
thyroid  tissue  in  ovarian  teratomas  has  been  described  (Moench, 
1929  ;  Masson  and  Mueller,  1933). 

Blood -supply.  Evans  (1907)  found  that  in  man  each  parathyroid 
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had  a  special  twig  from  the  pharyngeal,  oesophageal,  or  muscular 
branches  of  the  inferior  thyroid  artery  ;  he  stated  that  these  ‘  superior 
and  inferior  parathyroid  arteries’  were  the  sole  blood-supply  to  the 
glands,  even  when  embedded  on  the  surface  of  the  thyroid.  Curtis 
(1930),  however,  by  post-mortem  injections  showed  that  there  is 
such  a  free  collateral  circulation  between  the  small  arteries  of  the 
larynx,  trachea,  pharynx,  and  oesophagus  with  the  branches  of  the 
inferior  thyroid  artery,  that  the  parathyroids  could  be  injected  after 
ligature  of  the  inferior  thyroid  artery,  thus  explaining  freedom  from 
tetany  after  ligature  of  that  artery. 

Histology.  The  first  good  account  of  the  microscopical  appear¬ 
ances  in  the  adult  was  given  in  1898  by  Welsh ;  he  described  (a)  the 
principal  cells  of  several  types ;  they  may  be  clear  or  dark,  contain 
much  glycogen,  and  ( b )  the  larger,  granular,  oxyphil  cells  which  have 
also  been  called  ‘Welsh’s  cells’.  In  1907  Harnett  showed  that  there 
are  many  transitions  between  the  oxyphil  and  the  ‘principal’  cells, 
and  that  the  two  are  merely  the  different  phases — the  resting  and  the 
discharged  stages — of  the  same  secreting  cell.  Koopman  (1921)  in 
his  account  of  pale  and  dark  oxyphil  cells  was  evidently  describing 
these  transitional  stages.  Harnett  noticed  the  resemblance  between 
the  oxyphil  cells  in  the  anterior  pituitary  and  those  in  the  para¬ 
thyroid  ;  from  the  rarity  of  these  cells  in  the  parathyroids  of  the  foetus 
and  infant  he  concluded  that  the  glands  are  not  functionally  active 
then.  The  oxyphil  cells  do  not  appear  in  man  before  the  seventh 
(Marine,  1928)  or  the  tenth  (Sharpey- Schafer,  1924)  year.  Glycogen 
is  present  in  considerable  amount  in  the  chief  cells,  and  small  quan¬ 
tities  may  also  be  found  in  the  oxyphil  cells  except  when  fully  de¬ 
veloped  (Castleman  and  Mallory,  1935).  In  adults  colloid,  morpho¬ 
logically  like  that  in  the  thyroid,  may  be  seen  in  the  follicles  or  in 
the  stroma ;  its  presence  supported  the  early  view  that  the  para¬ 
thyroids  are  potential  thyroids.  But  this  material  differs  from  the 
thyroid  colloid  in  not  containing  more  iodine  than  the  other  tissues  of 
the  body  (Eastes  and  Cecil,  1907).  The  strands  of  cells  are  in  close 
relation  to  blood  sinusoids.  Shattock  (1852-1924)  in  1905  pointed  out 
that  the  interstitial  tissue  commonly  shows  fat  cells.  Intracellular  fat 
was  described  by  Benjamins  (1902)  and  Erdheim  (1903).  In  old  age 
hyperplasia  has  been  described  (Kurikawa,  1925).  All  the  parathyroid 
cells  are  stated  to  secrete  the  hormone  (Warren  and  Morgan). 

Abel,  J.  J.,  Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1926,  xxxviii.  1 ;  Berkeley, 
W.  M.,  Med.  News,  Phila.,  1905,  lxxxvii.  1060;  Brewer,  L.  A.,  Endocrinol., 
Los  Angeles,  1924,  xviii.  397 ;  Castleman,  B.,  and  Mallory,  T.  B.,  Am.  Journ. 
Path.,  Boston,  1935,  xi.  1-72;  Chantemesse  et  Marie,  R.,  Bull,  etmem.  Soc. 
med.  d.  hop.  de  Paris,  1893,  3  s.,  x.  202;  Curtis,  G.  M.,  Surg.,  Gyn.,  and  Obst., 
Chicago,  1930,  li.  805  ;  Dunhill,T.P.,  Brit.  Med.  Journ.,  1924,  i.  5;  Duperie,R., 
Compt.  rend.  Soc.  biol.,  Paris,  1928,  xcix.  324;  Eastes,  W.  L.,  and  Cecil,  A., 
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Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1907,  xviii.  331 ;  Erdheim,  J.,  Wien, 
klin.  Wchnschr.,  1901,  xiv.  974;  idem,  Sitzungsb.  d.  Akad.  d.  Wiss.,  Wien,  1907, 
cxvi.  311 ;  Evans,  H.  M.,  in  article  by  Halsted  and  Evans,  Ann.  Surg.,  1907, 
xlvi.  489;  Forsyth,  D.,  Quart.  Journ.  Med.,  Oxford,  1907-8,  i.  150,  287 ;  idem, 
Trans.  Path.  Soc.  Lond.,  1907,  lviii.  154;  Getzowa,  S.,  Virchows  Arch.,  1907, 
clxxxviii.  181 ;  Halsted,  W.  S.,  Am.  Journ.  Med.  Sc.,  Phila.,  1907,  cxxxiv.  1  ; 
Harnett,  W.  L.,  Trans.  Path.  Soc.  Bond.,  1907,  lviii.  128;  Heinbach,  W.  E., 
Anat.  Pec.,  Phila.,  1933,  lvii.  251;  Koopmann,  H.,  Frankf.  Ztschr.  f.  Path., 
Miinchen,  1921,  xxv.  342;  Kurikowa,  Japan  Med.  World,  1925,  v.  250; 
Ki  ^rsteiner,  W.,  Anat.  Hefte,  W  iesb.  1899,  xi.  391 ;  MacCallum,  W.  G.,  Brit. 
Med.  Journ.,  1906,  ii.  1282;  Marine,  D.,  Special  Cytology  (Cowdry),  N.Y., 
1928,  i.  575;  Masson,  J.  C.,  and  Mueller,  S.  C.,  Surg.,  Gyn.,  and  Obst., 
Chicago,  1933,  lvi.  931;  Moench,  G.  L.,  ibid.,  1929,  xlix.  150;  Pappen- 
heimer,  A.  M.,  and  Wilens,  S.  L.,  Am.  Journ.  Path.,  Boston,  1935,  xi. 
73;  Pepere,  A.,  Arch,  de  med.  exper.  et  d'anat.  path.,  Paris,  1908,  xxi.  21; 
Schlotthauer,  C.  F.,  and  Higgins,  G.  M.,  Proc.  Staff  Meetings,  Mayo  Clinic, 
1934,  ix.  374;  Sharpey-Schafer,  E.  A.,  The  Endocrine  Organs,  Bond.,  1924, 
part  I,  p.  80  ;  Shattock,  S.  G.,  Brit.  Med.  Journ.,  1 905,  ii.  1694 ;  Virchow,  R.,  Die 
krankhaften  Geschwulste,  Berlin,  1867,  iii.  13  ;  Walton,  A.  J.,  Brit.  Journ.  Surg., 
Bristol,  1931,  xix.  285  ;  Warren,  S.,  and  Morgan,  J.,  Arch.  Path.,  Chicago,  1935, 
xx.  823;  Welsh,  D.  A.,  Journ.  Anat.  and  Physiol.,  Lond.,  1898,  xxxii.  292,  380. 


Physiology.  In  1891  Gley  (1857-1930)  removed  the  two  parathy¬ 
roids  then  known  in  animals  without  any  fatal  effect,  the  thyroid 
similarly  without  death,  and  stated  that  after  thyroidectomy  the 
parathyroids  became  hypertrophied  and  showed  histological  changes 
approximating  those  of  the  thyroid.  He  therefore  concluded  that 
the  parathyroids  were  potential  thyroids.  Moussu  (1892)  contested 
the  accuracy  of  these  experiments.  Gley's  deductions  were  chal¬ 
lenged  by  Vassale  (1862-1912)  and  Generali,  who  in  1896  showed 
that  the  functions  of  the  two  glands  were  quite  different,  the  thyroid 
providing  an  internal  secretion,  absence  of  which  was  followed  by 
myxoedema,  the  parathyroids  exerting  an  antitoxic  action,  failure  of 
which  resulted  in  tetany.  Edmunds  (1895)  definitely  stated  that 
after  thyroidectomy  the  parathyroids  did  not  develop  into  thyroid 
tissue,  and  about  this  time  Gley  and  Nicolas  (1897)  abandoned  the 
belief  that  the  parathyroids  could  develop  into  thyroid  tissue ;  but 
as  late  as  1907  Forsyth  supported  this  view.  A  large  number  of 
workers,  especially  Welsh  (1898),  Biedl,  and  Halsted  (1912)  carried 
out  experimental  parathyroidectomy,  with  results  pointing  to  the 
conclusion  that  complete  removal  of  all  the  parathyroid  tissue  proved 
fatal  with  symptoms  of  severe  tetany.  But  some,  especially  Swale 
Vincent  (1868-1933)  and  Jolly  in  1905,  found  that  this  did  not  hold 
good  in  all  animals,  and  that  age  and  food  modified  the  effect  of 
parathyroidectomy.  As  accessory  parathyroids  are  common  and  may 
be  embedded  in  the  thymus,  the  difficulty  of  removing  all  the  para¬ 
thyroid  tissue  may  explain  such  negative  results.  What  was  formerly 
called  tetania  strumipriva  is  really  tetania  parathyreopriva. 
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That  the  parathyroids  regulate  calcium  metabolism  was  shown  by 
MacCallum  and  Voegtlin  (1909)  when  investigating  the  causation  of 
tetany  following  parathyroidectomy.  This  was  confirmed  by  Salvesen 
(1923).  But  in  the  meanwhile  the  hypothesis,  which  early  in  the 
history  of  endocrinology  had  been  applied  to  other  ductless  glands, 
especially  the  adrenals  and  thyroid,  was  revived  in  connexion  with 
the  parathyroids  by  Noel  Paton  (1859-1928)  and  Findlay  in  1917 ; 
also  working  on  tetany  they  argued  that  the  parathyroids  normally 
prevented  auto-intoxication  by  guanidine  {vide  p.  286).  The  toxic 
hypothesis  of  tetany  after  parathyroidectomy  was  refuted  by 
Salvesen  (1923),  who  showed  that  a  low  plasma  calcium  was 
responsible. 

J.  B.  Collip’s  isolation  and  standardization  of  a  powerful  extract 
of  the  parathyroids  (‘parathormone’)  in  1925  constituted  an  impor¬ 
tant  milestone  in  the  history  of  the  physiology  and  pathology  of  the 
glands.  A  similar  but  not  so  successful  isolation  of  an  active  extract 
was  independently  carried  out  by  Hanson  and  by  Berman  in  1924. 
It  thus  became  possible  to  induce  experimental  hyperparathyroidism 
and  in  its  chronic  form  to  reproduce  the  features  of  generalized 
osteitis  fibrosa  cystica  with  hypercalcaemia  and  hypophosphataemia. 
Positive  results  were  obtained  both  in  animals  and  man  (Albright, 
Bauer,  and  Aub,  1929;  Wilder  and  Johnson,  1931). 

Selye  (1932),  working  in  Collip’s  laboratory,  found  that  prolonged 
injection  of  concentrated  parathormone  in  sublethal  doses  into  rats 
gave  rise  ( 1 )  to  multiplication  of  the  osteoclasts,  absorption  of  bone, 
and  the  picture  of  generalized  osteitis  fibrosa  in  man,  and  (2)  later, 
when  tolerance  had  developed,  to  multiplication  of  the  osteoblasts, 
increased  solidity  of  bone  imitating  ‘marbled  bone’,  and  diminution 
in  the  number  of  osteoclasts.  Prolonged  injections  of  very  small  doses 
were  followed  by  multiplication  of  osteoblasts  and  increased  bone 
formation. 

Vitamin  D  is  closely  concerned  in  calcium  metabolism,  and  its 
influence  is  in  many  respects  like  that  of  parathormone.  Thus  vitamin 
D  deficiency  lowers  the  blood -calcium,  whereas  excessive  dosage  leads 
to  hypercalcaemia,  bone  absorption,  and  spontaneous  fracture.  On  the 
other  hand,  long  continued  small  doses  are  followed  by  increased 
formation  of  bone.  It  has  been  suggested  that  vitamin  D  stimulates 
the  parathyroids;  parathyroidectomized  animals  survive  if  given 
vitamin  D  (Hanson,  1935). 

The  parathyroids  increase  the  amount  (normal  9-11  mg.  per  100 
c.c.  blood)  of  calcium  in  the  blood,  by  stimulating  the  osteoclasts. 
According  to  Ake  Wilton  (1934)  experimental  injection  of  large 
quantities  of  parathormone  mobilize  collagen  as  well  as  calcium 
from  the  skeleton.  Besides  the  control  of  calcium  metabolism  that 
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of  phosphorus  (normal  =  6  mg.  per  100  c.c.  of  blood)  is  similarly 
under  the  parathyroids. 

Parathyroid  medication  is  chiefly  employed  in  cases  of  acute  tetany 
with  a  low  blood-calcium.  A  serious  drawback  to  its  continued  use, 
a's  in  cases  of  tetany  due  to  removal  of  the  parathyroids  in  the  course 
of  thyroidectomy,  is  that  of  progressive  loss  of  effect,  as  if  a  para¬ 
thyroid  anti-hormone  had  thus  been  brought  into  being  (compare 

p.  3).  After  the  injection  of  the  hormone  there  is  a  latent  period  of 
four  hours  (Aub,  1935). 

An  anti-growth  principle  was  suggested  by  Hurst  and  Cosin  (1931 ) 
who  found  hyperparathyroidism  in  children  to  be  associated  with 
emaciation,  loss  of  weight,  and  cessation  of  growth.  This  conclusion 
was  also  supported  on  experimental  evidence  by  Robinson  and 
Thompson  (1932),  who  pointed  out  that  fish  which  never  stop  growing 
do  not  possess  parathyroids,  that  the  oxyphil  cells  in  the  para- 
thyroids  do  not  develop  until  the  rate  of  growth  slows  down,  and 
that  parathyroid  extracts  retard  growth. 

The  Question  of  Inter-relations  with  other  Endocrine  Glands.  Origi¬ 
nally  Sandstrom  (1880),  and  later  Gley  (1891),  Vincent  and  Jolly 
(1905),  and  Forsyth  (1907)  regarded  the  parathyroids  as  potential 
or  reserve  thyroids.  The  opposite  relation,  namely  one  of  antagonism, 
has  also  been  suggested.  Rut  at  the  present  time  these  views  do  not 
appear  to  have  any  solid  basis. 

That  the  parathyroids,  like  other  endocrine  glands,  are  under  the 
controlling  influence  of  the  anterior  pituitary  gland  has  been  fre¬ 
quently  suggested,  and  much  investigated  {vide  p.  64). 

Albright,  F.,  Bauer,  W.,  and  Aub,  J.  C.,  Journ.  Clin.  Investig.,  1929,  xvii. 
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Biol,  and  Med.,  N.Y.,  1924,  xxi.  465;  Collip,  J.  B.,  Journ.  Biol.  Chem.,  1925, 
lxii.  395;  idem,  Medicine,  Baltimore,  1926,  v.  1—57;  idem,  Lancet,  1933,  i. 
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Soc.,  p.  xxxii ;  Gley,  E.,  Compt.  rend.  Soc.  biol.,  Paris,  1891,  xliii.  841,  843- 
idem,  Arch,  physiol,  norm,  et  path.,  Paris,  1892,  xxiv.  81;  idem,  Compt.  rend’. 
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xxxiii.  154;  Vincent,  S.,  and  Jolly,  W.  A.,  Journ.  Physiol.,  Cambridge,  1905, 
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Parathyroid  Diseases 

After  a  review  of  the  literature  and  his  own  observations  4  orsyth 
in  1907  concluded  that  there  was  not  yet  sufficient  evidence  that  the 
parathyroids  ‘  bear  a  pathogenic  relationship  to  any  known  disease  . 
On  the  other  hand,  Grove  and  Vines  (1922),  and  Vines  (1924)  as¬ 
cribed  to  parathyroid  deficiency  not  only  tetany  and  spasmophilia, 
but  also  sepsis  and  ulceration.  Symptomatic  benefit,  especially  rapid 
relief  of  pain,  in  duodenal  ulcer  was  recorded  from  the  administration 
of  parathyroid  preparations  by  Moutier  and  Camus  (1929)  and  also, 
though  less  constantly,  by  Levy  and  Levy  (1931),  who  did  not  find 
any  conclusive  radiological  evidence  of  healing  of  the  ulcer.  Increased 
peristalsis  in  tetany  (Falta  and  Kahn,  1911)  may  explain  the  relief 
of  pain  as  the  result  of  the  administration  of  parathyroid.  In  heart¬ 
burn  hypodermic  injection  of  parathyroid  (Byle)  has  been  beneficial 
(Gaston-Durand,  1935).  Reference  will  first  be  made  to  other  con¬ 
ditions  which  have  been  suggested  as  due  to  parathyroid  disorder, 
and  then  parathyroid  tetany  and  generalized  osteitis  fibrosa  cystica 

will  be  discussed. 

The  condition  of  marble-bones  or  osteopetrosis,  described  by  Albers- 
Schonberg  (1904),  has  been  ascribed  to  hyperparathyroidism  on  the 
ground  that  a  parathyroid  adenoma  has  been  found  (Dupont,  1930). 
The  experimental  work  of  Pugsley  and  Selye  (1933)  suggested  that 
the  usual  osteoclastic  effect  of  hyperparathyroidism,  namely  osteitis 
fibrosa  cystica,  is  followed  by  an  osteoblastic  phase  ( vide  Ellis, 

1934). 

The  Arthritic  Form  of  Hyperparathyroidism.  Ankylosing 
multiple  arthritis  has  been  ascribed,  like  von  Recklinghausen’s 
generalized  osteitis  fibrosa,  to  hyperparathyroidism.  Oppel  in  1931 
had  operated  on  the  parathyroids  of  70  patients  for  this  condition, 

and  Leriche  has  worked  on  similar  lines. 

Obliterative  endarteritis  has  been  much  relieved  by  parathy¬ 
roidectomy,  and  Bastai  and  Dogliotti  (1934)  explain  this  on  the 
ground  that  hyperparathyroidism  causes  hypercalcaemia  which 
stimulates  vaso- constriction  ;  sclerodermia  has  also  been  benefited  by 
removal  of  the  parathyroids. 

Paralysis  agitans  has  been  ascribed  to  parathyroid  insufficiency 
(Lundborg,  1901;  Berkeley,  1905),  and  to  hyperparathyroidism 
(Roussy  and  Clunet,  1910).  There  is  no  doubt  some  slight  resem¬ 
blance  between  tetany  and  paralysis  agitans.  It  has,  however,  been 
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thought  that  there  is  a  basis  of  the  hypoplastic  or  lymphatic  con¬ 
stitution  for  paralysis  agitans  (Pende,  1928). 

It  is  historically  interesting  that  a  case  of  hypoparathyroidism 
was  reported  by  Hurst  (1913,  1923). 

A  man,  aged  47,  two  years  after  partial  thyroidectomy  had  symp¬ 
toms  like  those  of  severe  Graves’s  disease,  except  for  the  absence  of 
exophthalmos  and  goitre,  which  were  relieved  by  parathyroid  extract. 

Sclerodermia  has  been  found  to  be  accompanied  by  liyper- 
calcaemia  (Pautrier  and  Zorn,  1929).  Leriche  (1931)  performed 
parathyroidectomy  with  success  for  sclerodermia,  Seyle  (1932)  pro¬ 
duced  a  condition  resembling  it  in  animals,  by  injection  of  para¬ 
thormone,  and  this  was  confirmed  by  Leriche,  Jung,  and  Sureyya 
(1935).  Sclerodermia  has  therefore  been  described  as  the  cutaneous 
manifestation  of  chronic  osteolytic  hyperparathyroidism ;  hyper- 
calcaemia  causes  endarteritis  and  atrophy  of  the  dermis,  an  in¬ 
creased  amount  of  calcium  salts  locally  (Leriche  and  Jung,  1935), 
and  thus  accounts  for  the  frequent  association  of  sclerodermia  with 
(i)  Raynaud's  disease,  and  (ii)  with  calcified  cutaneous  areas — the 
syndrome  described  in  1911  by  Thibierge  and  Weissenbach  and  by 
Parkes  Weber  in  1913. 

Tuberculosis  of  the  parathyroids  is  very  rare.  Stumme  (1907) 
found  this  lesion  in  Graves’s  disease;  Carnot  and  Delion  (1905) 
recorded  caseation  in  a  case  of  chronic  pulmonary  tuberculosis  in 
which  convulsive  attacks  before  death  could  not  be  otherwise  ex¬ 
plained.  Winternitz  (1908)  recorded  a  case  with  tetany,  and  referred 
to  five  other  cases  (including  Carnot  and  Delion’s)  of  tuberculosis. 

Syphilis  of  the  parathyroids  has  attracted  very  little  attention. 
A  case  of  haemorrhage  was  recorded  in  an  infant  with  congenital 
lues  by  Triboulet,  Ribadeau-Dumas,  and  Harvier  (1909);  Langeron 
(1927)  reported  a  case  of  tetany  in  a  man  with  alcoholic  neuritis, 
gummata  in  the  lungs,  and  diffuse  fibrosis  of  an  enlarged  parathyroid. 

Cysts  are  not  uncommon,  but  are  usually  microscopic,  and  may 
contain  some  blood. 

Attention  to  the  influence  of  parathyroid  disorder  or  disease  has 
been  mainly  directed  to  forms  of  tetany  with  hypocalcaemia  and  to 
bone  disease  with  hypercalcaemia. 

Albers-Schonberg,  H.,  Miinchen.  med.  Wchnschr.,  1904,  li.  174;  Bastai,  P., 
et  Dogliotti,  G.  C.,  Presse  med.,  Paris,  1934,  xlii.  1766;  Berkeley,  W.  M., 
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PARATHYROID  TETANY 


285 


Rep.,  Lond.,  1913,  3s.,  lii.  153;  idem,  New  York  Med.  Journ.,  1923,  cxv.  408; 
Langeron,  L.,  Presse  med.,  Paris,  1927,  xxxv.  8;  Leriche,  R.,  Rev.  de  chir., 
Paris,  1935,  liv.  5;  Leriche,  R.,  et  Jung,  A.,  Presse  med.,  Paris,  1935,  xliii. 
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Zentralbl.  f.  Chir.,  Leipz.,  1931,  xxxvi.  1916;  Pautrier,  L.  M.,  et  Zorn,  Bull. 
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quacies,  Amer.  transl.,  Pliila.,  1928,  p.  217  ;  Pugsley,  L.  I.,  and  Selye,  H .,  Journ. 
Physiol.,  Lond.,  1933,  lxxix.  113;  Selye,  H.,  Journ.  Am.  Med.  Assoc.,  Chicago, 
1932,  xcix.  108;  Stumme,  E.,  Deutsche  Ztschr.  f.  Chir.,  Leipz.,  1907,  xc.  265; 
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p.  179 ;  Winternitz,  M.  C.,  Bull.  J ohns  Hopkins  Hosp.,  Baltimore,  1908,  xx.  269. 

Tetany 

History.  The  earliest  references  to  this  condition  were  made  more 
than  a  century  ago,  and  the  first  three  by  medical  men  in  London, 
Edinburgh,  and  Dublin.  John  Clarke  (1761-1815),  lecturer  on  mid¬ 
wifery  at  St.  Bartholomew’s  Hospital,  and  brother  of  Sir  Charles 
Mansfield  Clarke  (1782-1857),  the  obstetrician,  described  it  in  1815 
together  with  an  account  of  laryngismus  stridulus,  which  Nicholas 
Culpeper  (1616-54)  probably  first  recorded  (Still);  in  1816  George 
Kellie  of  Leith  discussed  ‘  swelling  of  the  tops  of  the  hands  and  feet  (de¬ 
scribed  by  Dr.  Underwood  as  a  symptom  of  painful  dentition) ’,  usually 
associated  with  a  spasmodic  affection  of  the  thumbs  and  toes.  This  is 
a  good  clinical  account  of  the  dorsal  oedema  over  the  metacarpus 
and  metatarsus  due  to  prolonged  carpopedal  contracture,  and  Kellie, 
though  obviously  in  awe  of  the  opinion  of  Michael  Underwood  (1787- 
1820),  did  not  appear  to  be  really  convinced  that  it  was  due  to  painful 
dentition.  John  Cheyne  (1777-1836),  who  was  born  in  Leith  and 
educated  in  Edinburgh,  migrated  to  Dublin  in  1809  and  in  1819  gave 
an  account  of  what  was  later  known  as  tetany.  In  1830  Steinheim 
(1789-1866),  a  general  practitioner  in  Altona,  described  it  as  ‘Hit- 
ziger  Gelenkrheumatismus  ’  regarding  it  as  closely  related  to  acute 
rheumatism;  in  the  following  year  J.  B.  H.  Dance  published  ‘Ob¬ 
servation  sur  une  espece  de  tetanos  intermittent’,  and  in  1832 
Tonnelle  wrote  on  a  new  convulsive  disease  of  children.  Other  papers 
by  Murdoch  (1832),  Constant  (1835),  de  la  Berge  (1835),  Teissier 
and  Hermel  (1843),  Imbert  Goubeyre  (1844),  and  Delpech  (1846), 
were  quoted  by  Trousseau  who  called  it  tetanilla  and  at  first  regarded 
it  as  prone  to  occur  in  nursing  mothers  and  to  be  rheumatic.  In 
1864  Trousseau  described  the  sign  to  which  his  name  is  attached, 
namely,  the  production  of  the  characteristic  obstetrician’s  hand  after 
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obstructing  the  blood-flow  through  the  brachial  artery.  The  name 
‘tetanie’  was  introduced  by  Lucien  Corvisart  (1824-?),  nephew 
of  Baron  J.  N.  Corvisart  (1756-1821),  in  1852.  For  more  than  fifty 
years  after  Clarke’s,  Kellie's,  and  Cheyne’s  papers  the  condition 
failed  to  attract  any  attention  in  Great  Britain;  in  1870  Wilks 
described  a  case  in  a  child,  aged  3  years,  as  intermittent  tetany,  and 
W.  Moxon  (1836-86),  apparently  recording  the  same  case  as  ‘tetany 
or  remittent  tetanus’,  stated  that  the  condition  was  not  noticed  in 
any  systematic  work  in  this  country.  In  his  Cambridge  M.D.  thesis 
on  Tetany  in  Young  Children  (1880),  John  Abercrombie  (1851  — 
1914)  brought  into  prominence  the  facial  irritability  elicited  by  tap¬ 
ping  the  facial  nerve,  to  which  Sir  Thomas  Barlow  (1845-  )  had 

directed  his  attention ;  it  is  usually  known  as  Chvostek’s  sign  after 
F.  C.  Chvostek  (1835-84),  who  described  it  in  1878. 

Tetany  after  thyroidectomy  was  reported  from  Billroth's  clinic  in 
Vienna  in  1880  and  1882  by  Weiss  and  by  Wolfler,  by  J.  L.  Reverdin 
in  1882,  Kocher  in  1883,  and  von  Eiselsberg  in  1890.  Experimental 
thyroidectomy  produced  it  (M.  Schiff,  1884;  Horsley,  1885);  but  in 
the  absence  of  knowledge  of  the  existence  of  the  parathyroids,  its 
significance  did  not  become  clear  until  after  1891. 

Pathogeny.  Tetany  is  a  symptom  or  symptom-group,  like  tremor 
or  the  epilepsies,  and  is  due  to  various  causes  and  of  different  severity 
and  prognostic  importance,  for  example,  the  carpopedal  contracture 
in  children  with  rickets  on  the  one  hand,  and  that  after  parathyroid¬ 
ectomy  and  in  some  cases  of  dilated  stomach  on  the  other  hand.  The 
cases  have  recently  been  divided  into  those  ( 1 )  due  to  alkalosis  with 
a  normal  serum-calcium  content  of  the  blood,  such  as  may  follow 
severe  vomiting  from  a  dilated  stomach,  excessive  intake  of  alkalis, 
and  over-breathing  causing  an  excessive  output  of  carbonic  acid  gas  ; 
(2)  due  to  a  low  serum  calcium,  such  as  those  caused  by  para¬ 
thyroidectomy,  parathyroid  deficiency,  by  nutritional  deficiency,  a 
want  of  calcium  and  vitamin  D  in  the  diet,  and  to  phosphorus 
retention  in  renal  disease.  From  clinico-pathological  observation 
Jeandelize  (1872-  )  in  1903  and  Yanase  in  1907  correlated  tetany 

with  changes  in  the  parathyroids. 

The  mechanism  whereby  parathyroidectomy  induces  tetany  was 
investigated  by  West  (1935),  who  ascribed  it  to  the  action  of  a 
changed  circulation  upon  the  muscles,  the  point  of  action  depending 
on  an  intact  motor  nerve  supply.  It  has  been  thought  to  be  either 
(1)  toxaemic,  or  (2)  to  act  by  altering  the  calcium  metabolism. 
(1)  Noel  Paton  (1859-1928)  and  Findlay  in  1917  ascribed  tetany  to 
an  accumulation  of  guanidine  in  the  blood  as  the  result  of  failure  of 
the  organism  when  deprived  of  the  parathyroids  to  metabolize  this 
protein  derivative  further.  They  found  an  excess  of  guanidine  in  the 
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blood  and  urine  in  human  tetany  and  in  parathyroidectomized 
animals,  as  Koch  had  done  in  1912-13,  and  induced  symptoms  of 
tetany  by  the  injection  of  guanidine  into  animals.  They  further 
concluded  that  the  symptoms  of  tetania  parathyreopriva  are  not 
primarily  due  to  decrease  of  any  constituent  of  the  body,  e.g.  calcium 
ions.  Sharpey-Schafer  (1924)  suggested  that  a  hormone,  formed  in 
the  parathyroids  and  provisionally  called  ‘parathyrin’,  may  either 
promote  the  metabolism  of  guanidine  or  directly  antagonize  its 
effects.  Collip  (1926)  contested  the  relation  of  guanidine  intoxication 
to  parathyroid  tetany ;  the  statement  that  injection  of  guanidine  is 
followed  by  a  fall  in  the  blood- calcium  has  been  contradicted  by 
Salvesen  (1923) ;  Collip  and  Clark  (1925)  produced  guanidine  intoxi¬ 
cation  in  dogs  when  over-dosed  with  parathyroid  hormone,  and 
therefore  concluded  that  there  is  not  any  evidence  of  an  antagonism 
between  the  parathyroid  hormone  and  guanidine. 

(2 )  From  experimental  parathyroidectomy  and  chemical  researches 
W.  G.  MacCallum  and  Voegtlin  (1908-9)  concluded  that  the  para¬ 
thyroids  control  calcium  metabolism,  and  that  their  removal  is 
followed  by  ( a )  excessive  excretion  of  calcium  in  the  urine  and  faeces, 
(6)  deprivation  of  calcium  from  the  tissues,  especially  the  brain, 
which  was  found  to  contain  only  half  the  normal  amount  of  calcium, 
and  (c)  by  an  irritable  condition  of  the  nerve  cells  responsible  for 
tetany.  They  tentatively  suggested  that  in  tetany  a  toxic  condition 
of  an  acid  character  was  present,  but  they  could  not  isolate  any 
toxin.  MacCallum  (1906)  stated  that  the  action  of  such  a  toxin  was 
exerted  on  the  central  nervous  system  and  not  directly  on  the  muscles. 
MacCallum  and  Voegtlin  definitely  showed  that  post-parathyroid¬ 
ectomy  tetany  could  be  removed  by  the  administration  of  calcium. 

Endemic  tetany  in  goitrous  areas  in  India  has  been  ascribed  to 
pressure  atrophy  of  the  parathyroids  caused  by  the  goitre  (McCarri- 
son,  1917). 

Aetiology.  Parathyroid  tetany  is  usually  due  to  removal  of  the 
glands  during  thyroidectomy.  Symptoms  short  of  tetany  after 
thyroidectomy  were  described  as  status  parathyreoprivus,  or  sub- 
tetanic  hypoparathyreosis,  by  Halsted  (1907),  who  believed  that 
hypoparathyroidism  is  more  often  due  to  interference  with  the 
blood-supply  than  to  actual  removal  of  the  parathyroids,  at  any  rate 
among  surgeons  accustomed  to  perform  thyroidectomy. 

A  case  of  idiopathic  parathyroid  tetany  was  carefully  studied  by 
Albright  and  Ellsworth  (1929). 

Clinical  Picture.  The  spasmophilia  of  tetany  involves  the  muscu¬ 
lar  system  widely,  carpopedal  contracture,  laryngeal  spasms,  general 
convulsions.  Unilateral  spasm  of  the  diaphragm  has  been  recorded 
(Karelitz,  1932),  and  also  spasm  of  the  oesophagus  and  other  parts 
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of  the  gastro-intestinal  tract,  bronchial  muscles  (Lederer,  1913), 
and  myocardium  (Ibrahim,  1910). 

The  early  symptoms  of  parathyroid  tetany  are  restlessness  inter¬ 
fering  with  sleep,  nervous  irritability,  paraesthesia,  twitching,  and 
cramp  of  muscles.  The  irritability  of  the  nervous  system  is  shown 
by  the  positive  Chvostek,  Trousseau,  and  Erb  signs.  Estimation  of 
chronaxie — the  minimal  electrical  stimulus  of  motor  nerves — has 
been  employed  as  a  test  of  the  impending  occurrence  of  tetany 
(Northfield,  1934).  Convulsions  and  periods  of  unconsciousness  may 
occur.  Exertion  aggravates  the  tetany.  The  changes  in  the  content  of 
the  serum  calcium  and  the  organic  phosphorus  content  of  the  serum, 
the  first  lower,  the  second  higher,  than  the  normal,  are  characteristic. 
The  urinary  excretion  of  both  is  diminished.  The  basal  metabolic  rate 
is  raised.  In  chronic  cases  cataract,  cutaneous  pigmentation,  loss  of 
hair,  a  brittle  condition  and  deformity  of  the  nails,  transverse  ridges  one 
above  the  other,  due  to  enamel  defect,  on  the  teeth ,  and  mental  debility 
may  occur.  X-rays  show  that  the  density  of  the  bones  is  normal. 

The  differential  diagnosis  from  other  forms  of  tetany  depends 
on  the  calcium  and  inorganic  phosphorus  contents  of  the  blood.  In 
parathyroid  tetany  the  serum  calcium  is  diminished  and  the  inorganic 
phosphorus  increased  above  the  normal ;  whereas  in  the  tetany 
associated  with  rickets  the  calcium  and  phosphorus  contents  would 
both  be  low,  and  in  other  forms  of  tetany  normal. 

Treatment.  It  has  been  stated  that  the  first  empirical  treat¬ 
ment  of  tetany  by  calcium  was  that  of  convulsions  by  Walter 
Harris  (1647-1732)  in  1689  by  crabs’  eyes  (the  gastroliths  of  common 
crayfish)  and  crystals  of  tartar.  But  examination  of  this  claim  by 
Shipley  (1922)  and  Shelling  (1932)  shows  that  there  is  little  reason 
to  give  him  any  credit,  except  that  he  prescribed  in  larger  quan¬ 
tities  the  alkaline  shells  then  commonly  given  to  children.  Still 
(1931),  in  analysing  Harris’s  once  popular  work  De  Morbis  acutis 
Infantum  (1689),  concluded  that  it  did  not  make  any  addition  to 
knowledge  and  was  based  on  the  assumption  that  c  all  the  com¬ 
plaints  of  infants  spring  from  an  acid  as  their  common  source’, 
and  that  the  treatment  was  correspondingly  simple,  namely  the 
administration  of  calcium  carbonate  to  neutralize  the  acid,  and 
then  expulsion  by  an  aperient. 

A  high  calcium  intake,  combined  with  sufficient  vitamin  D,  is  valuable 
in  preventing  and  relieving  symptoms.  When  the  clinical  picture  has 
developed  the  administration  of  calcium  salts  should  first  be  tried. 

In  a  newborn  infant  severe  cardiospasm  and  other  signs  of  tetany 
were  dramatically  relieved  by  the  intravenous  injection  of  calcium 
gluconate,  and  the  blood  calcium  was  8-5  mg.  per  cent. ;  it  was  re¬ 
garded  as  gastric  tetany  (Karelitz,  1933). 
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Since  1930  Boothby  has  obtained  good  results,  in  post-operative 
parathyroid  insufficiency  and  tetany,  from  the  oral  administration 
of  calcium  lactate  in  adequate  doses  (up  to  gr.  xxx,  eight  times 
daily  in  an  emergency)  in  water,  cocl-liver  oil  (vitamins  A  and  D), 
and  hypodermically  small  doses  (not  above  5-10  units  daily)  of 
parathyroid  extract  (Hanson) ;  he  found  that  parathyroid  extract 
without  calcium  lactate  and  cod-liver  oil  almost  invariably  aggra¬ 
vated  the  tetany,  and  often  was  the  direct  cause  of  epileptiform 
convulsions.  Improvement  under  this  treatment  begins  at  once  and 
was  described  as  comparable  to  that  effected  by  thyroid  preparations 
in  myxoedema,  but  the  treatment  must  also  be  continued  indefinitely. 
Collip’s  parathormone  has  been  extensively  used  ;  the  long-continued 
injection  of  parathormone  is  not  without  some  drawbacks  ;  it  may  give 
rise  to  local  reactions  ;  after  a  time  it  tends  to  become  ineffective,  as 
if  an  inhibitory  principle  had  been  activated.  Good  results  have  been 
obtained  with  the  oral  administration  of  irradiated  ergosterol  and  a 
specially  purified  preparation  called  ‘A.T.  10’  (Holtz,  1933). 

In  1899  Lusena  had  obtained  benefit  in  tetany  from  injections  of 
an  emulsion  of  the  parathyroids  and  also  from  parathyroid  graft¬ 
ing.  Curare  has  been  shown  to  abolish  rapidly  and  completely  ex¬ 
perimental  parathyroid  tetany,  but  this  effect  is  temporary  only 
(Hartridge  and  West,  1931). 

Removal  of  the  superior  cervical  ganglion  of  the  sympathetic  was 
found  experimentally  to  increase  the  vascularity  of  the  parathyroid 
on  the  same  side  by  Leriche,  Jung,  and  Woringer  (1933),  who  thought 
that  this  justified  operation  in  some  cases  of  hypoparathyroidism. 
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Presse  med.,  Paris,  1933,  xii.  1137;  Lusena,  G.,  Riforma  med.,  Palermo,  1899, 
xv.  471 ;  MacCallum,  W.  G.,  and  Voegtlin,  C.,  Journ.  Exper.  Med.,  1909,  xi. 
118;  McCarrison,  R.,  The  Thyroid  Gland,  in  Health  and  Disease,  Lond.,  1917 ; 
Moxon,  W.,  Guy's  Hosp.  Rep.,  1870,  3  s.,  xv.  278;  Murdoch,  W.,  Journ.  univ. 

U 


290 


PARATHYROIDS 


et  hebd.  de  vied,  et  chir.  ]jrat.,  Paris,  1832,  viii.  417 ;  Northfield,  D.  W.,  Guy's 
Hosp.  Rep.,  1934,  lxxxiv.  118;  Oddo,  C.,  Rev.  de  med.,  Paris,  1896,  xvi.  458 
(history  of  tetany);  Paton,  N.,  and  Findlay,  L.,  Quart.  Journ.  Exper. 
Physiol.,  1917,  x.  203,  315;  Salvesen,  H.  A.,  Acta  med.  Scandinav.,  Stock¬ 
holm,  1923,  suppl.  vi ;  Sharpey-Schafer,  E.  A.,  The  Endocrine  Organs,  Lond., 
1924,  part  1,  p.  80;  Shelling,  D.  H.,  Am.  Journ.  Dis.  Child.,  Chicago,  1932, 
xliv.  1071;  Shipley,  P.  G.,  Ann.  Med.  Hist.,  N.Y.,  1922,  iv.  189;  Steinheim, 
S.  L.,  Lit.  Ann.  d.  ges.  Heilk.,  Berlin,  1830,  xvii.  22;  Still,  G.  F.,  History  of 
Paediatrics,  Oxford,  1931,  262;  Tonnelle,  L.,  Gaz.  med.  de  Paris,  1832,  iii.  1  ; 
Trousseau,  A.,  Gaz.  des  hop.,  Paris,  1864,  xxxvii.  109;  Weiss,  N.,  Samml.  Jclin. 
Vortr.,  Leipz.,  1880,  inn.  Med.  No.  63,  1696;  West,  R.,  Brain,  Lond.,  1935, 
lviii.  1;  Wilks,  S.,  Brit.  Med.  Journ.,  1870,  i.  598;  Wolfler,  A.,  Wien, 
med.  Wchnschr.,  1882,  xxxii.  5;  Yanase,  J.,  Jahrb.f.  Kinderh.,  1907,  lxvii.  57 
(Erg. -Heft.). 

Primary  Parathyroid  Tumours 

In  1899  T.  Kocher  gave  an  account  of  glycogen- containing  tumours 
near  the  thyroid,  and  suggested  their  parathyroid  origin  ;  in  the  same 
year  de  Santi  recorded  a  parathyroma  as  large  as  a  mandarin  orange. 
They  may  be  (i)  juxtathyroid,  (ii)  embedded  in  the  thyroid  (para- 
strumae  carcinomatosae,  Kocher),  thus  to  some  extent  recalling  the 
supposed  hypernephromas  of  the  kidney,  which  Grawitz  in  1883 
described  as  arising  in  adrenal  ‘rests’,  or  (iii)  in  more  distant  areas, 
in  the  thymus  and  mediastinum. 

Berard  and  Alamartine  (1909)  suggested  that  the  foetal  adenomas 
of  the  thyroid,  described  by  Wolfler  in  1880  as  derived  from  embryonic 
thyroid  tissue,  were  probably  intrathyroid  parathyromas ;  among  29 
collected  parathyromas  they  found  that  13  were  extrathyroid  and  16 
intrathyroid.  By  their  yellowish-white  or  brownish  colour  the  para¬ 
thyromas  contrast  with  the  red  thyroid  tissue. 

Adenomas.  The  constituent  cells  vary  considerably:  chief  cells  and 
their  transitions  were  present  in  at  least  90  per  cent,  of  the  140 
analysed  cases ;  other  forms  are  fully  developed  water- clear  cells, 
transitional  water- clear  cells,  and  transitional  oxyphil  cells  ;  adenomas 
wrere  not  composed  of  fully  developed  oxyphil  cells.  Glycogen  vras 
present  in  the  cells  of  tumours  and  of  general  hyperplasias,  but 
usually  in  smaller  amount  than  in  normal  glands  (Castleman  and 
Mallory,  1935).  The  tumour  cells  have  also  been  described  as  some¬ 
times  multi-nuclear,  but  the  other  cells  are  not  so  large  as  the  water- 
clear  cells  present  in  general  hyperplasia  of  the  glands  (Albright, 
Bloomberg,  Castleman,  and  Churchill,  1934).  A  cystic  tumour  has 
been  recorded  (Keynes  and  Taylor,  1933). 

Parathyroid  enlargements  have  been  divided  into  twTo  clinical 
groups:  (i)  those  associated  with  skeletal  changes;  these  are  hardly 
ever  larger  than  a  walnut,  and  histologically  are  composed  of  para¬ 
thyroid  cells  so  that  the  enlargement  may  be  regarded  as  a  hyper- 
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plasia  or  as  an  adenoma;  (ii)  those  without  any  changes  in  the 
skeleton  ;  these  tumours  may  be  much  larger,  as  in  the  cases  recorded 
by  de  Santi  (1899),  Hulst  (1905),  Hadfield  and  Rogers  (1932),  May 
(1935),  and  even  reach  the  size  of  a  child’s  head  (Benjamins,  1902) ; 
Bland-Sutton  figured  one  fatal  from  compression  of  the  trachea.  On 
the  analogy  of  the  adenomas  of  the  anterior  lobe  of  the  pituitary, 
the  eosinophil- celled  adenomas  causing  giant  growth  or  acromegaly, 
whereas  the  chromophobe-celled  tumours  do  not  have  this  effect,  it 
might  be  anticipated  that  these  two  forms  of  parathyroid  tumours 
would  show  a  difference  in  the  histological  character  of  their  cells ; 
this,  however,  has  not  been  established. 

Among  74  collected  parathyroid  tumours  or  enlargements  (including 
45  analysed  by  Hoffheinz),  Barr  and  Bulger  (1930)  found  45,  or  60 
per  cent,  associated  with  bony  changes.  Out  of  these  45  there  were  32, 
or  71  per  cent.,  cases  of  generalized  osteitis  fibrosa  cystica.  In  the 
same  year  (1930)  Ask-Upmark  collected  88  parathyromas,  in  49,  or 
55  per  cent.,  of  which  there  was  bony  change  (39  osteitis  fibrosa  cystica 
and  10  osteomalacia). 

Hyperplasia  of  all  the  parathyroid  tissue  in  the  body  has  been 
described  by  Albright,  Bloomberg,  Castleman,  and  Churchill  (1934), 
who  described  3  cases  and  collected  14  others  from  the  literature. 
This  condition  is  distinguished  from  the  single  adenomas  by  the 
character  of  the  cells  which  are  larger  and  ‘water- clear the  chief 
and  eosinophil  cells  being  absent.  Among  160  collected  cases  of 
hyperparathyroidism  Castleman  and  Mallory  (1935)  found  that  in 
140,  or  86-4  per  cent.,  there  were  tumours  involving  one  parathyroid 
(130  cases)  or  two  parathyroids  (10  cases).  The  remaining  20  cases 
showed  a  diffuse  hyperplasia,  compared  to  that  in  toxic  goitre,  in  all 
the  glands,  the  cells  being  usually  of  the  water- clear  type  and  rarely 
of  the  chief  cell  type.  Capps  (1934)  reported  a  similar  pathological 
change  in  the  parathyroids  with  a  massive  haemorrhage  from  an 
intrathoracic  parathyroid  tumour. 

Albright  and  his  co-workers  recognized  two  causes  for  parathyroid 
hyperplasia :  (1 )  the  driving  power  of  a  factor,  such  as  the  parathyro- 
tropic  hormone  which  stimulates  an  excessive  secretion  of  the  para¬ 
thyroid  hormone  ;  (2)  compensatory,  in  calcium  deficiency  (analogous 
to  the  thyroid  change  in  iodine  lack),  rickets,  pregnancy,  and  osteo¬ 
malacia. 

Primary  carcinoma  is  very  rare.  Wellbrock  (1929)  collected  the 
few  recorded  cases;  metastases  occur,  especially  in  the  lymphatic 
glands  and  lungs.  The  cells  are  pleomorphic,  and  multi-nuclear  forms 
are  frequent. 

Secondary  growths  in  the  parathyroids  are  extremely  rare. 
Pepere  in  1906  recorded  2  cases,  as  did  Thompson  in  1911.  In  one 
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of  Thompson’s  cases  the  growth  was  by  extension.  Willis  (1934) 
mentioned  mammary  carcinoma  as  the  primary  source  of  para¬ 
thyroid  metastases,  and  this  occurred  in  Thompson’s  other  case. 
The  absence  of  signs  of  parathyroid  insufficiency,  such  as  tetany,  in 
secondary  malignant  disease  is  paralleled  by  the  usual  freedom  from 
myxoedema  when  the  thyroid  is  the  site  of  secondary  malignant 
disease,  and  by  the  general  absence  of  symptoms  of  Addison’s  disease 
when  the  adrenals  are  similarly  infiltrated. 

Primary  Tumours. 

Albright,  F.,  Bloomberg,  E.,  Castleman,  B.,  and  Churchill,  E.  D.,  Arch. 
Int.  Med.,  Chicago,  1934,  liv.  315 ;  Ask-Upmark,  E.,  Acta  med.Scand.,  Stockholm, 
1930,  lxxiv.  284 ;  Barr,  D.  P.,  and  Bulger,  H.  A.,  Am.  Journ.  Med.  Sc.,  Phila., 
1930,  clxxix.  449;  Benjamins,  C.  E.,  Beitr.  z.  path.  Anat.  u.  ally.  Path.,  Jena, 
1902,  xxxi.  143;  Berard,  L.,  et  Alamartine,  H.,  Lyon  chir.,  1908-9,  i.  721; 
Bland -Sutton,  J.,  Tumours,  Innocent  and  Malignant,  Bond.,  1917,  p.  589; 
Capps,  R.  B.,  Am.  Journ.  Med.  Sc.,  Phila.,  1934,  clxxxviii.  800;  Castleman,  B., 
and  Mallory,  T.  B.,  Am.  Journ.  Path.,  Boston,  1935,  xi.  1—72;  de  Santi,  P., 
Proc.  Laryngol.  Soc.  LoncL,  1898-9,  104 ;  Hadfield,  G.,  and  Rogers,  H.,  Journ. 
Path,  and  Bacteriol.,  Edin.,  1932,  xxxv.  259;  Hoffheinz,  S.,  Virchows  Arch., 
1925,  cclvi.  705;  Hulst,  J.  P.  L.,  Centralbl.f.  allg.  Path.  u.  z.  path.  Anat.,  Jena, 
1905,  xvi.  903;  Keynes,  G.,  and  Taylor,  H.,  Brit.  Journ.  Surg.,  Bristol,  1933, 
xxi.  28;  Kocher,  T.,  Virchows  Arch.,  1899,  civ.  532;  May,  J.  M.,  Ann.  andt. 
path.,  Paris,  1935,  xii.  1126;  Venables,  J.  F.,  Guy's  Hosp.  Rep.,  Lond.,  1933, 
lxxxiii.  194;  Wellbrock,  W.  L.  A.,  Endocrinol.,  Los  Angeles,  1929,  xiii.  288. 

Secondary  Tumours. 

Pepere,  A.,  Le  Gl-andole  paratiroidee,  Torino,  1906;  Thompson,  R.  L.,  Journ. 
Med.  Res.,  Boston,  1911,  xxiv.  291 ;  Willis,  R.  A.,  The  Spread  of  Tumours  in 
the  Human  Body,  Bond.,  1934,  p.  394. 

Generalized  Osteitis  fibrosa  cystica 

Nomenclature.  In  1891  F.  D.  von  Recklinghausen  (1833-1910) 
described  under  the  title  ‘fibrous  and  deforming  osteitis’  cases  of 
Paget’s  osteitis  deformans  (1877),  puerperal  osteomalacia,  and  at 
least  one  case  (no.  vii,  ‘  fibrous  ostitis  ‘  multiple  osteosarcoma  ’ )  which 
has  since  been  recognized  as  a  typical  case  of  generalized  osteitis  fibrosa 
cystica  (Turnbull,  1931).  He  referred  to  a  case  of  Engel’s,  and  in 
1910  modified  his  views  by  correlating  osteitis  fibrosa  with  meta¬ 
bolic  defects.  Rather  unfortunately,  perhaps,  this  form  of  bone 
disease  is  often  spoken  of  as  von  Recklinghausen’s  disease,  for  con¬ 
fusion  may  result  from  the  use  of  the  same  eponym  for  multiple 
neurofibromatosis  associated  with  molluscum  fibrosum  and  areas  of 
pigmentation  on  which  he  had  brought  out  a  monograph  (1882), 
thirty-three  years  after  R.  W.  Smith  (1807-73)  wrote  A  Treatise 
on  the  Pathology,  Diagnosis,  and  Treatment  of  Neuroma  (1849), 
said  to  have  been  ‘the  largest  book  produced  in  Dublin’.  This 
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lesion  of  the  nerves,  in  which  one  or  more  of  the  endocrine  glands 
may  be  secondarily  invaded,  damaged,  or  stimulated,  is  sometimes 
complicated  by  bony  changes  of  the  nature  of  osteomalacia  (E.  Pearce 
Gould,  1918).  This  coincidence  is  remarkable  in  that  one  disease 
described  by  von  Recklinghausen  may  be  complicated  by  the  bony 
changes  resembling  those  of  another  disease  of  a  different  origin  but 
with  the  same  eponym.  It  is  true  that  the  rather  clumsy  hyphenated 
eponym  Engel-Recklinghausen,  occasionally  used  for  generalized 
osteitis  fibrosa  cvstica,  should  obviate  this  confusion.  Lievre  (1933) 
considered  any  claim  for  von  Recklinghausen’s  priority  as  unjustified, 
and  suggested  that,  as  there  is  not  any  inflammation,  osteo¬ 
dystrophy  or  1  parathyroid  osteosis’  would  be  a  better  title.  It  is 
true  that  the  termination  -itis  has  now  come  to  signify  inflammation, 
but  originally  it  had  a  much  wider  significance,  being  the  Greek 
feminine  termination  trt?  agreeing  with  vooos  =  disease  understood 
— the  disease  of  bone  {vide  Buzzard,  T.,  1889). 

History.  The  bony  changes  now  known  as  those  of  generalized 
osteitis  fibrosa  cystica  are  so  striking  that  they  necessarily  attracted 
attention  and  were  reported  under  various  titles,  especially  as  soften¬ 
ing  of  the  bones,  long  before  1891.  Cases  in  prehistoric  or  early  man 
have  recently  been  retrospectively  diagnosed  by  Leon  Pales  (1930) 
from  a  specimen  in  the  Museum  de  Paris  (anthropologie),  by  Den- 
ninger  (1931)  in  an  American  Indian,  the  changes  being  advanced 
but  unilateral,  and  by  Hosten  (1930)  also  in  an  American  Indian. 

Prof.  J.  Beattie  considered  that  the  first  recorded  case  was  that 
described  in  1700  by  J.  J.  Courtial  in  a  letter  to  Tauvry  (1669-1701). 
On  May  3,  1743,  Silvanus  Sevan  (ob.  1765),  who  was  elected  a  fellow 
of  the  Royal  Society  in  1725,  read  before  the  Society  the  notes  of 
‘the  extraordinary  case  of  the  bones  of  a  woman  growing  soft  and 
flexible’,  who  died  at  the  age  of  ‘forty,  after  pain  in  the  limbs  and 
weakness  for  two  years  ’ ;  he  evidently  examined  the  bones  at  the 
necropsy,  and  added  ‘the  person  was  under  the  care  of  Dr.  Gad- 
wallader  of  Pensilvania  ’ .  In  his  Classic  Descriptions  of  Disease 
(1932)  R.  H.  Major  gave  a  short  account  of  Thomas  Cadwalader 
(1708-79)  of  Philadelphia  and  his  only  book,  now  extremely  rare, 
An  Essay  on  the  West  India  Dry  Gripes ,  to  which  is  added  an 
extraordinary  case  in  Physic  (Phila.,  1745).  This  report  is  the  same 
as  that  published  two  years  earlier  by  Bevan,  and  is  reproduced  by 
Major  as  the  first  account  of  osteomalacia. 

In  the  forty-eighth  volume  of  the  Philosophical  Transactions 
(1758)  of  the  Royal  Society  of  London  there  are  two  remarkable 
cases  of  softening,  deformity,  and  fracture,  which  may  well  have  been 
examples  of  generalized  osteitis  fibrosa  cystica  ;  the  first  was  recorded 
by  Ambroise  Hosty  of  Paris  (with  a  graphic  plate),  the  second  by 
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John  Pringle  (1707-82),  who  was  subsequently  president  (1772-8) 
of  the  Society,  thus  being  the  second  of  the  nine  medical  men  to 
receive  that  honour.  In  1  /  76  Henry  Thompson  ( ob .  1784),  surgeon  to 
the  London  Hospital,  described  ‘  a  remarkable  case  of  softening  of  the 
bones’  in  a  man  (with  a  plate).  The  Due  d’Aiguillon  (1720-82)  was 
picturesquely  described  as  dying  with  liquefaction  of  his  bones  which 
meked  like  wax  in  the  dog-days’.  Passing  to  less  distant  times, 
J.  N.  C.  Davies-Colley  (1843-1900)  in  1884  reported  the  case  of  a 
girl,  13  years  old,  with  osteomalacia  and  calculi  in  the  kidneys,  the 
latter  being  now  known  to  be  common  in  generalized  osteitis  fibrosa. 

Morbid  Anatomy.  The  enlarged  parathyroids  have  been  de¬ 
scribed  as  (i)  adenomas,  usually  single ;  Albright,  Bloomberg,  Castle- 
man,  and  Churchill  (1934)  analysed  101  cases  and  found  3  cases  of 
multiple  tumours.  In  the  majority  of  cases  the  enlarged  parathyroid 
is  close  to  the  thyroid,  but  it  may  be  embedded  in  its  substance, 
(ii)  The  parathyroid  change  has  been  regarded  as  a  hyperplasia 
rather  than  an  adenoma  (Turnbull,  1931;  Pick,  1932).  A  special 
form  of  hyperplasia  was  described  by  Albright,  Bloomberg,  Castle- 
man,  and  Churchill  in  1934  (vide  p.  291).  A  basophil  adenoma  of 
the  pituitary  was  recorded  in  1912  by  Schmorl  (1861-1932)  and  com¬ 
mented  on  by  Molineus  (1913);  Erdheim  (1914)  also  reported  a  case. 

The  skeleton  shows  widespread  changes — osteoporosis  and  soften- 
ing,  so  that  the  bones  may  be  cut  with  a  knife  and  are  grossly  de¬ 
formed  ;  cysts,  though  not  constantly,  and  giant-celled  tumours 
(osteoclastomas)  occur.  The  vertebrae  may  become  melted  into 
confluent  masses.  Metastatic  calcification  of  the  soft  tissues,  arteries, 
and  the  formation  of  renal  calculi  are  frequent. 

The  adrenals  have  been  found  to  show  multiple  cortical  adenomas 
(Albright  et  al.;  Hoffheinz).  The  pathological  aspects  were  exhaus¬ 
tively  considered  by  Turnbull  and  Hunter  (1931). 

Pathogeny.  I  he  association  of  parathyroid  enlargement  or 
tumour  with  bone  disease  was  not  recorded  before  1904,  when 
Askanazy  found  a  parathyroma  in  a  case  of  generalized  osteitis; 
but  the  possibility  that  the  parathyroma  might  be  primarily  respon¬ 
sible  was  not  realized.  In  1906  Erdheim  recorded  enlargement  of 
the  parathyroids  in  osteomalacia  and  in  1907  reported  7  more  such 
cases,  but  regarded  the  bony  change  as  primary,  the  skeletal  decalci¬ 
fication  creating  such  a  demand  for  calcium  that  the  parathyroids 
underwent  compensatory  hypertrophy.  If  this  explanation  is  valid 
all  the  parathyroids,  and  not  one  only,  should  be  enlarged ;  this 
sometimes  occurs  in  rickets  (Erdheim,  1914)  and  osteomalacia,  and 
it  has  since  been  naturally  suggested  that  some  cases  thus  described 
were  examples  of  generalized  osteitis  fibrosa.  But  hypercalcaemia 
and  hyperplasia  of  the  parathyroids  have  been  reported  in  generalized 
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carcinoma  after  mammary  disease  (Welti,  Huguenin,  and  Placa, 
1935;  Bernard,  Boyer,  Forge,  GauthierA  illars,  1935).  Hoffheinz 
(1925)  pointed  out  that  in  85  per  cent,  of  45  collected  cases  there 
was  one  parathyroid  only  enlarged ;  this,  so  far  as  it  goes,  is 
in  favour  of  the  parathyroid  enlargement  being  primary  and  not 
secondary  to  the  bony  change.  But  if,  as  has  been  urged,  the  para¬ 
thyroid  change  is  secondary  to  stimulation  by  the  parathyrotropic 
hormone  of  the  anterior  pituitary,  the  reaction  in  the  parathyroids 
should  not  be  confined  to  one.  But  to  revert  to  the  chronological 
order  of  events:  Schlagenhaufer  (1866-1930)  in  1915,  after  finding 
parathyroid  tumours  in  two  fatal  cases,  contested  Erdheim  s  view 
and  recommended  parathyroidectomy ;  this  w  as  supported  by 
Maresch  (1916).  It  w^as  not,  however,  until  1926  that  Mandl,  after 
proving  that  parathyroid  tablets  and  grafts  not  only  failed  to  relie v e 
but  aggravated  the  condition,  explored  the  patient  s  neck  and 
removed  a  parathyroid  tumour  which  had  not  been  clinically  pal¬ 
pable.  The  patient  improved  at  once,  and  remained  well  until  1932 
when  the  original  symptoms  returned,  and  though  two  operations, 
including  thyroidectomy  and  removal  of  two  parathyroids,  were 
performed,  no  improvement  followed,  it  being  assumed  that  there 
was  an  inaccessible  parathyroid  adenoma  present  (Bauer,  1934). 
Since  1926  surgical  removal  of  the  parathyroid  has  been  carried  out 
in  a  number  of  cases  on  the  evidence  of  hypercalcaemia  and  bone 
changes,  although  a  parathyroid  tumour  was  not  palpable.  In  1931 
Donald  Hunter  collected  30  such  parathyroidectomies,  and  in  1934 
the  number  reached  82  (Ravine  and  Lyon).  In  1931  Johnson  and 
Wilder  confirmed  in  man  the  experimental  production  (1930)  of 
osteitis  fibrosa  cystica  in  animals  by  repeated  injections  of  para¬ 
thormone. 

As  in  cases  of  hyperinsulinism  with  spontaneous  hypoglycaemia  in 
which  operative  inspection  has  failed  to  disclose  a  definite  tumour 
in  the  pancreas,  so  in  clinical  hyperparathyroidism  surgical  explora¬ 
tion  of  the  neck  has  not  always  revealed  the  presence  of  an  adenoma. 
Cases  are  nowr  on  record  in  which  removal  of  two  or  even  three  appa¬ 
rently  normal  parathyroids  has  been  successful  (Hitzrot  and  Gomroe, 
1932).  Donald  Hunter  (1930)  concluded  that  the  bony  changes  were 
secondary  to  the  hyperparathyroidism,  but  Elmslie  and  his  col¬ 
leagues  (1933)  cautiously  considered  that  the  relation  between  the 
bone  disease  and  hyperparathyroidism  is  not  clear.  The  parathyroid 
enlargement  wThich  has  recently  been,  but  not  universally,  regarded 
as  the  cause  of  the  bony  changes  has,  in  its  turn,  been  thought  to 
be  due  to  stimulation  by  the  parathyrotropic  hormone  of  the  anterior 
pituitary  (Hertz  and  Kranes,  1934  ;  Albright,  Bloomberg,  Castleman, 
and  Churchill,  1934). 
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Aetiology.  Generalized  osteitis  occurs  about  twice  as  often  in 
women  as  in  men;  among  115  collected  cases  there  were  86  females 
and  29  males  (Gutman,  Swenson,  and  Parsons,  1934) ;  it  usually 
occurs  in  adult  life  between  30  and  55  years  of  age.  Cases  have  been 
reported  in  girls  aged  13  years  (Davies-Colley,  1884)  and  14  years 
(Pemberton  and  Geddie,  1930).  The  disease  not  infrequently  follows 
pregnancy,  and  it  has  been  suggested  that  the  parathyroid  hyper¬ 
plasia  which  may  be  physiological  in  pregnancy  persists  and  causes 
an  active  adenoma. 

Clinical  Picture.  The  onset  and  development  are  usually  very 
slow.  Pains  in  the  back  and  limbs,  tenderness  of  the  bones  which 
may  make  hand-shaking  painful,  wasting  and  weakness  of  the 
muscles  are  early  symptoms,  and  well-marked  hypotonia  may  even¬ 
tually  appear.  Deformity  and  bending  of  the  bones,  kyphosis  from 
crushing  together  of  the  vertebrae  anteriorly,  and  spontaneous  frac¬ 
tures  follow.  The  cystic  areas  and  also  osteoclastomas  may  be  present 
and  palpable.  Loss  of  appetite  is  common,  fatigue  may  be  very 
prominent,  chronaxie  is  lengthened.  Attacks  of  abdominal  pain, 
nausea,  vomiting,  and  headache,  known  to  follow  excessive  dosage 
of  parathormone,  may  occur  spontaneously  and  be  prominent 
features  (Pemberton  and  Geddie,  1930)  and  have  been  thought  to  be 
more  severe  the  younger  the  patient  (Cosin,  1931 ).  In  young  subjects 
general  and  sexual  development  may  be  delayed.  Polyuria  and  poly¬ 
dipsia  are  frequent,  and  excessive  growth  of  hair  has  been  reported 
(Cosin,  1931 ;  Venables,  1933).  Doubt  has  been  thrown  on  the  occur¬ 
rence  of  any  dental  defect  in  association  with  the  other  changes  in 
the  skeleton  (Rushton,  1931).  Hyperparathyroidism  may  show 
considerable  variations ;  there  may  be  an  osteoporotic  form  without 
cysts,  and  the  bony  changes  may  be  insignificant,  the  chief  manifesta¬ 
tions  being  those  of  urinary  calculi.  Albright,  Aub,  and  Bauer  (1934) 
described  it  as  a  polymorphic  condition. 

The  renal  lesions  in  hyperparathyroidism  were  classified  in  1934 
by  Albright,  Baird,  Cope,  and  Bloomberg  under  three  headings: 

(i)  The  formation  of  calculi  in  the  renal  pelvis;  among  83  cases 
of  hyperparathyroidism,  thoroughly  established  by  the  histological 
examination  of  the  parathyroid  tumour  and  modern  chemical  tests, 
23,  or  28  per  cent.,  showed  calculi ;  the  cases  accepted  are  necessarily 
modern,  so  among  the  earliest  are  the  two  cases,  both  with  bilateral 
calculosis,  recorded  in  1924  by  Stenholm.  The  presence  of  renal 
calculi  should  always  raise  the  possibility  of  hyperparathyroidism. 

(ii)  Cases  with  calcium  deposits  in  the  renal  tubules  causing  con¬ 
tracted  granular  kidneys.  Among  the  83  cases  there  were  19,  or  23 
per  cent.,  of  this  type.  As  long  ago  as  1905  MacCallum  recorded  a 
parathyroma  with  chronic  glomerulo-nephritis.  Pappenheimer  and 
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Wilens  (1935)  found  that  the  parathyroids  in  chronic  renal  cases  are 
heavier  than  normal,  but  did  not  agree  that  the  nephritis  is  due  to 
precipitation  of  calcium  in  the  kidneys. 

(iii)  Acute  parathyroid  poisoning  with  anuria  and  death  in  a  few 
days,  with  calcium  deposit  in  the  kidneys  and  other  organs,  but 
without  chronic  changes.  Of  this  condition,  analogous  to  that  pro¬ 
duced  by  Collip  in  dogs  by  overdosage  of  parathormone,  the  authors 
reported  one  case. 

Radiological  examination  shows  generalized  rarefaction  of  the 
bones,  thinning  of  the  cortex  of  the  long  bones,  and  may  show  cyst¬ 
like  areas  and  giant-cell  tumours.  Chemically  the  serum  calcium  is 
abnormally  high,  up  to  20  mg.  per  cent,  as  compared  with  the  normal 
10  per  cent.,  the  serum  phosphates  low,  and  the  serum  phosphatase 
high.  The  calcium  and  phosphorus  in  the  urine  are  several  times  as 
high  as  the  normal,  even  on  a  low  calcium  intake. 

Prognosis.  Improvement  as  regards  pain  and  the  fall  to  normal 
or  below  of  the  calcium- content  of  the  blood-plasma  rapidly  follows 
parathyroidectomy.  On  the  other  hand,  tetany,  declared  or  latent, 
which  Halsted  (1907)  called  the  status  parathyreoprivus,  is  common  ; 
it  has  been  suggested  that,  owing  to  the  excessive  secretion  of  the 
enlarged  or  adenomatous  parathyroid,  the  other  parathyroids  have 
ceased  to  be  functionally  active,  so  that  on  removal  of  the  hyper¬ 
active  parathyroid  a  condition  of  hypoparathyroidism  results 
(Walters,  Wilder,  and  Kepler,  1934).  It  is  counteracted  by  soluble 
calcium  by  the  mouth  or  by  hypodermic  injection  of  parathormone. 

Temporary  relief  after  removal  of  one  parathyroid,  the  size  of  a 
walnut,  was  followed  by  permanent  cure  after  removal  of  another 
parathyroid  of  the  same  size  (Hellstrdm,  1932). 

Diagnosis  depends  on  the  association  of  the  macroscopic  and 
radiological  changes  in  the  skeleton  with  the  raised  calcium- content 
of  the  blood  and  the  low  serum  phosphorus- content.  Although  con¬ 
siderable  stress  has  been  laid  on  the  presence  of  hypercalcaemia, 
especially  in  the  differential  diagnosis  from  other  bone  conditions, 
it  has  been  absent  in  cases  otherwise  characteristic;  thus  among  78 
reported  cases  25  per  cent,  did  not  show  its  presence  constantly 
(Gutman,  Swenson,  and  Parsons,  1934). 

The  Differential  Diagnosis.  Genuine  osteomalacia  or  mollities 
ossium,  for  which  deficiency  of  vitamin  D  is  responsible,  is  the  con¬ 
dition  most  often  confused  with  generalized  osteitis  fibrosa.  In  osteo¬ 
malacia  the  serum  calcium  is  not  increased  and  may  be  diminished ; 
Miles  and  Feng  (1925)  found  it  diminished  to  about  half  in  7  cases 
with  accompanying  tetany.  The  presence  of  tetany  in  a  case  of  bone- 
disease  regarded  as  possibly  generalized  osteitis  fibrosa  clearly 
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points  to  osteomalacia.  The  calcium -content  of  the  blood  has  been 
regarded  as  essential  for  the  diagnosis ;  for  some  cases  of  generalized 
osteitis  fibrosa  before  the  appearance  of  cystic  changes  and  tumours 
can  hardly  be  distinguished  solely  on  the  bone  changes  (Gunn  and 
Nadler,  1934).  Some  cases  of  osteomalacia  may  have  really  been 
examples  of  generalized  osteitis  fibrosa.  Cases  of  generalized  osteitis 
fibrosa  in  children  may  radiological ly  resemble  late  rickets,  but  the 
chemical  analysis  of  the  blood  should  settle  the  diagnosis. 

Focal  osteitis  fibrosa  confined  to  one  or  a  few  bones,  which  is  much 
commoner  than  the  generalized  form,  does  not  show  the  blood 
changes,  and  has  a  tendency  to  spontaneous  arrest. 

In  multiple  myeloma  the  serum  phosphorus  is  normal  or  high,  and 
Bence  Jones’s  protein  may  be  present  in  the  urine.  The  diagnosis  of 
hyperparathyroidism  in  an  early  stage  may  present  considerable 
difficulties  ;  in  both  it  and  sarcoma  of  bone  pain  may  be  considerable, 
but  X-ray  evidence  of  widespread  bony  change  would  point  to  hyper¬ 
parathyroidism  . 

In  osteitis  deformans  or  Paget’s  disease  of  bone  there  is  periosteal 
change ;  the  cortex  of  the  long  bones  is  thickened  and  lamellated ; 
there  are  not  any  cysts  or  giant- celled  tumours ;  but  the  changes  in 
the  bones  are  very  similar,  except  that  resorption  greatly  predomi¬ 
nates  in  generalized  osteitis  fibrosa  (Turnbull,  1931) ;  and  the  blood 
changes  seen  in  generalized  osteitis  fibrosa  cystica  are  absent,  except 
that  the  blood  phosphatase  is  higher  than  in  most  bone- diseases. 
The  parathyroids  are  not  enlarged  (Schmorl,  1930),  and  the  liability 
to  sarcoma  on  the  affected  bones  in  osteitis  deformans  does  not  hold 
good  in  generalized  osteitis  fibrosa  (Harris,  1933). 

The  clinical  features  and  the  radiological  appearances  of  the  bones 
in  renal  dwarfism  (renal  rickets)  resemble  those  of  generalized  osteitis 
fibrosa.  Schelling  and  Remsen  (1935)  found  enlargement  of  four 
parathyroids  in  their  case,  and  argue  that  the  impetus  for  the 
secondary  parathyroid  enlargement  and  excessive  activity  is ,  phos¬ 
phorus  retention  and  the  necessity  for  the  excretion  of  phosphates 
as  an  insoluble  calcium  salt  by  the  bowel.  The  differential  diagnosis 
of  renal  rickets  from  generalized  osteitis  fibrosa  can  be  assisted  by 
the  history  of  primary  renal  disease.  Albuminuria  in  rickets  was 
recorded  in  1872  by  Goodhart,  and  renal  dwarfism  was  described  by 
H.  M.  Fletcher  and  by  Parsons  in  1911. 

Osteoporosis  of  the  skeleton  may  occur  in  adults  from  other  causes, 
such  as  vitamin  deficiency,  an  inadequate  supply  of  mineral  salts 
in  the  diet,  and  in  advanced  life.  The  radiological  appearances  may 
then  suggest  generalized  osteitis  fibrosa.  When  muscular  weakness 
is  prominent  and  bony  changes  not  obvious  in  generalized  osteitis 
fibrosa,  the  condition  might  be  regarded  as  myasthenia  gravis. 
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Cases  of  von  Recklinghausen’s  neurofibromatosis  may  be  compli¬ 
cated  in  changes  in  bone  resembling  osteomalacia.  Familial  cases  of 
fruste  neurofibromatosis  combined  with  patches  of  cutaneous  pig¬ 
mentation  and  these  bone  changes  have  been  collected  by  Grenet, 
Ducroquet,  Isaac-Georges,  and  Mace  (1934),  who  refer  to  cases  with 
bone  changes  only  and  so  very  difficult  to  diagnose. 

Treatment.  Operation.  When  a  diagnosis  of  generalized  osteitis 
fibrosa  with  hyperparathyroidism  and  the  characteristic  blood 
changes  have  been  established,  an  operation  to  explore  the  parathyroid 
glands  should  be  undertaken.  The  search  for  an  enlarged  parathyroid 
may  be  attended  by  difficulties  and  be  unsuccessful,  especially  as  it 
may  be  embedded  in  the  thyroid.  The  operation  is  usually  followed 
almost  immediately  by  disappearance  of  the  limb  pains,  a  return  to 
normal  in  the  blood  calcium  and  phosphorus  within  24  hours,  and  in  a 
few  cases  diminution  in  the  size  of  the  benign  osteoclastomas  has 
been  reported  within  a  few  weeks.  On  the  other  hand,  latent  or  ob¬ 
vious  tetany  is  common  shortly  after  the  operation,  but  can  be  con¬ 
trolled  by  the  oral  administration  of  calcium  lactate,  the  hypodermic 
injection  of  parathormone,  or  intravenous  injection  of  calcium. 

X-ray  Treatment.  Weil  of  Breslau  in  1922  briefly  reported  good 
results  from  X-ray  exposures,  as  did  Merritt  in  one  case  ten  years 
later,  and  Cutler  and  Owen  (1934). 

Calcium  glycerophosphate  has  been  given  to  diminish  the  decalci¬ 
fication  of  the  skeleton.  Apart  from  operation  sodium  acid  phosphate 
has  been  tried  but  not  with  much  effect. 
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THE  ADRENALS 

History.  The  anatomy  of  the  adrenals  was  first  described  in  Italy 
in  the  sixteenth  century.  Bartholomaeus  Eustachius  (1520-74),  the 
anatomical  rival  of  Andreas  Vesalius  (1514-64),  was  professor  at  the 
Collegio  della  Sapienza  at  Rome ;  in  1552  he  completed  his  forty- 
seven  splendid  copper- plates  of  human  anatomy  which,  however, 
remained  in  the  Papal  library  until,  more  than  a  century  later,  Pope 
Clement  XI  gave  them  to  his  medical  attendant,  G.  M.  Lancisi  (1655- 
1720),  who  published  them  with  his  own  text  in  1714;  these  plates 
show  the  adrenals.  In  his  account  of  the  kidneys,  published  in  1563, 
Eustachius  described  the  adrenals  under  the  title  of  Glandulae  Renibus 
incumbentes.  In  addition  to  Lancisi’s  publication,  B.  S.  Albinus 
(1697-1770)  reproduced  Eustachius’s  plates  in  1744.  The  existence 
of  the  adrenals  was  briefly  mentioned  by  Archangelus  Piccolomineus 
(1526-1605),  described  on  the  title-page  of  his  fine  Anatomicae 
Praelectiones  (1596)  as  ‘  Ferrariensis  Civisque  Romanus  ,  and  by 
Caspar  Bauhin  (1560-1605)  of  Bale  in  1588.  Casserius  (1561- 
1616),  professor  of  anatomy  and  teacher  of  Harvey  at  Padua,  gave 
an  account  of  the  adrenals  under  the  name  of  Renes  succenturiati, 
and  his  pupil  and  successor  Adrianus  Spigelius  (1578-1625),  who  pro¬ 
duced  his  teacher’s  fine  plates  in  his  posthumous  De  humani  corporis 
Fabrica  (1627),  called  them  ‘capsulae  renales’.  Jean  Riolan  the 
younger  (1580—1657),  the  almost  exact  contemporary  and  opponent 
of  William  Harvey,  introduced  the  now  familiar  name  ‘  suprarenal 
capsules’  in  1629.  Thomas  Wharton  (1614-73)  in  1656  described 
them  as  ‘glandulae  renales’,  but  preferably  as  ‘glandulae  ad  plexum 
nerveum  sitae’,  and  as  having  a  cavity.  Thomas  Gibson  (1647— 
1722)  in  1694  figured  the  kidneys  and  the  glandulae  or  capsulae 
renales,  which  were  much  larger  than  the  kidneys  and  twice  the  size 
of  the  spleen,  from  a  five-months’  abortion,  ‘communicated’  to  him 
by  Edward  Tyson  (1650-1708). 

Caspar  Bartholinus  (1585-1629)  introduced  the  term  ‘capsulae 
atrabilariae  ’  in  1611.  His  more  famous  son  Thomas  (1616-80),  in 
editions  of  his  father’s  anatomical  treatise,  gave  an  elaborate  account 
of  the  capsules  in  man  with  illustrations  (Fig.  5) ;  these,  which  were 
widely  reproduced,  showed  round  bodies,  quite  separate  from  the 
kidneys,  containing  a  cavity,  but  without  a  duct ;  according  to 
Huschke  (1845),  however,  he  described  a  duct  in  the  hedgehog. 
Bartholin  criticized  Riolan  for  ignoring  the  existence  of  the  cavity, 
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Fig.  4.  Title-page  of  the  anatomical  treatise  of  Caspar  Bartholinus 
the  Elder.  Edited  by  his  son  Thomas  Bartholinus. 
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suggesting  that  he  would  not  see  it,  and  quoted  Casserius’s  term  1  renes 

succenturiati  ’  as  well  as  using  the  name  of  ‘  capsulae  atrabilariae 

Caspar  Bartholinus  (Jasper  Bertelsen)  and  his  son  Thomas  were 
remarkable  personalities,  and  the  designation  Aelebre  polygraphe’ 
applied  by  A.  J.  L.  Jourdan  (1788-1848)  in  1820  to  the  father  is  equally 
or  even  more  deserved  by  the  longer-lived  son  whose  books  were  more 
numerous  than  his  64  years.  As  in  the  family  of  the  Monros  in  Edin¬ 
burgh,  three  generations  of  Bartholins  were  professors  of  anatomy  in 
Copenhagen — Caspar,  Thomas,  and  Caspar  the  younger;  in  both 
families  the  second  was  the  most  and  the  third  the  least  eminent. 
The  third  Bartholin  became  professor  before  he  was  22  years  old. 

Caspar  Bartholinus  (1585-1629),  the  son  of  a  Lutheran  clergyman 
and  born  on  February  12,  1585,  at  Malmo  in  Sweden,  which  then  be¬ 
longed  to  Denmark,  was  said  to  have  been  an  infant  prodigy.  After 
education  at  Copenhagen  he  wandered  for  seven  years  (1603-10) 
mainly  on  foot  among  the  European  universities  ;  he  studied  theology 
and  philosophy,  and  took  an  Arts’  degree  at  A  ittenberg  (1607);  he 
then  worked  at  anatomy  at  Padua,  where  he  remained  another  three 
years,  and  took  the  doctorate  at  Basle  in  1610  from  the  hands  of 
Caspar  Bauhin  (1560—1624).  Before  he  reached  the  age  of  25  he 
declined  two  professorships,  of  anatomy  at  Naples  and  of  Greek  at 
Sedan.  In  1610  he  returned  to  Wittenberg  and  practised  there  for 
about  two  years,  when  he  was  appointed  to  the  chair  of  Greek  at 
Copenhagen,  but  after  holding  it  for  six  months  he  was  transferred 
to  that  of  anatomy.  For  eleven  years  he  discharged  these  and  other 
duties,  many  of  them  self-imposed,  with  enormous  energy.  Then 
falling  seriously  ill  he  made  a  vow  that  if  he  recovered  he  would  devote 
the  remainder  of  his  life  exclusively  to  theology.  In  1624  he  was 
elected  to  the  chair  of  theology  which  had  fallen  vacant  by  the  death 
of  Conrad  Aslach,  and  became  a  canon  at  Rodschild.  His  death 
occurred  on  July  13,  1629.  He  left  six  sons  whom,  following  the 
example  of  his  father,  he  had  educated  with  great  care  and  success ; 
three  of  them  became  professors  at  Copenhagen,  Thomas  of  anatomy, 
Erasmus  (1625-98)  of  geometry  and  later  of  medicine,  and  Bartolus  of 
rhetoric  (ob.  1690);  a  fourth  son,  Jacques,  was  rector  of  a  school  at 
Friedrichsberg .  Caspar  Bartholinus  took  all  knowledge  for  his  province, 
and  among  his  contemporaries  had  a  wonderful  reputation  for  his 
erudition  in  literature,  theology,  and  philosophy.  His  Anatomicae 
Institutiones  Corporis  Inumani  first  appeared  in  1611,  and  was  du  tifully 
brought  out  in  two  further  editions  by  his  son  Thomas. 

Thomas  Bartholinus  (1616-80)  was  the  second  of  the  six  sons  of 
Caspar  Bartholinus,  and  was  born  at  Copenhagen  on  October  20,  1616. 
Like  his  father,  he  was  a  humanist  and  spent  ten  years  in  the  chief 
seats  of  learning  on  the  Continent.  First  attracted  by  the  priest¬ 
hood,  he  went  in  1637  to  Leyden  and  spent  three  years  working  at 
philosophy,  philology,  theology,  jurisprudence,  the  art  of  war,  and 
Arabic  ;  his  health  then  failing,  he  moved  to  Paris,  then  to  Montpellier, 
and  to  Padua  where  he  remained  three  years,  and  graduated  in 


Fig.  5.  From  the  anatomical  treatise  of  Caspar  Bartholinus  the  Elder  showing 

the  capsulae  atrabilariae  (adrenal  glands). 
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medicine  at  Basle  in  1645,  being  admitted  by  Jean  Caspar  Bauhin 
(1606-85),  the  only  son  of  Caspar  Bauhin,  who  had  performed  the 
same  act  for  the  elder  Bartholinus.  In  1647  he  succeeded  Christopher 
Longomontanus  (1562-1647)  as  professor  of  mathematics  at  Copen¬ 
hagen;  but  in  the  following  year  he  was  transferred  to  the  chair  of 
anatomy,  and  in  1656  succeeded  his  maternal  grandfather,  Thomas 
Fincke  (1561-1656),  as  perpetual  dean  of  the  Medical  School  and 
honorary  professor.  In  1660  he  retired  and  went  to  live  at  Hagested- 
gaard,  near  Holbaek,  70  kilometres  from  Copenhagen. 

Thomas  Bartholinus  was  one  of  those  who  about  the  same  time 
discovered  the  lymphatics ;  he  did  so  when  dissecting  a  dog  with  his 
pupil  Michael  Lyser  on  January  9,  1652.  There  are,  however,  other 
claimants;  Olaf  Rudbeck  (1630-1702),  a  Swede,  observed  them  on 
December  15,  1651),  and  published  his  discovery  before  Bartholinus 
who,  however,  had  not  any  knowledge  of  this  paper.  In  the  resulting 
considerable  controversy  as  to  priority  Bartholinus  took  a  very  active 
part,  and  his  pupils  loyally  supported  him.  The  credit  for  the  dis¬ 
covery  should  perhaps  be  fairly  given  to  George  Joyliffe  (1621-58), 
who  never  made  any  claim  or  even  published  his  observation ;  there 
is  evidence,  collected  by  Gunther,  that  Joyliffe  demonstrated  them  to 
fellow  students  at  Oxford  at  least  as  early  as  1643,  and  John  Evelyn 
noted  that  on  February  25,  1649,  ‘Came  to  visit  me  Dr.  Joyliffe,  dis¬ 
coverer  of  the  lymphatic  vessels  and  an  excellent  anatomist  ’.  In  1652 
Joyliffe  moved  to  Cambridge,  and  when  there  communicated  his 
observation  to  Francis  Glisson  (1597-1677),  who  published  it  in  his 
Anatomia  Hepatis,  1654.  Herophilus  ( circa  300  b.c.)  and  his  rather 
junior  colleague  Erasistratus  (310-245  b.c.)  of  Alexandria  are  stated  to 
have  observed  the  lacteals,  which  were  rediscovered  by  Gasparo 
Aselli  (1581—1626),  of  Pavia,  in  1622  and  published  posthumously  in 
1627  ;  he  believed  that  the  lacteals  conveyed  their  contents  to  the  liver, 
an  error  corrected  in  1651  by  the  discovery  of  the  thoracic  duct  and 
receptaculum  cliyli  by  Jean  Pecquet  (1622-74). 

Bartholinus  was  a  pioneer  in  collecting  and  publishing  observations 
on  morbid  anatomy  and  brought  out  Historiarum  anatomicarum  et 
medicarum  variorum  centuriae,  i-vi,  1654-7,  a  laborious  but  uncritical 
work  which  justified  Haller’s  description  of  him  as  ‘vir  facillimus  in 
recipiendis  historiis  et  mire  credulus  ’.  His  account  in  1657  of  a  strange 
epidemic  in  Copenhagen,  in  which  ‘men  were  grievously  affected  in 
their  brain  and  nervous  stocks’  led  F.  G.  Crookshank  (1873-1933)  in 
1922  to  identify  it  as  encephalitis  epidemica.  Bartholinus  planned  and 
collected  material,  so  Knud  Faber  stated,  for  an  Anatomia  practica  to 
give  an  account  of  the  morbid  changes  in  all  the  organs  of  the  body. 

I  nfortunately,  a  fire  in  16/0  destroyed  his  library  and  all  his  manu¬ 
scripts,  and  thus  the  Sepulchretum  sive  anatomia  practica  (1679)  of 
Theophile  Bonet  (1620-89)  took  the  place  of  the  work  Bartholinus 
intended  to  produce.  This  disappointment  he  bore  with  admirable 
resignation  and  both  the  Academy  by  making  him  librarian  and  King 
Christian  V  by  appointing  him  physician  without  duties  showed  their 
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sympathy .  From  1671  to  ]  6  7  9  he  edited  the  A  eta  medica  et  philosophica 
Hafniensa.  He  was  one  of  the  first  to  support  Harvey’s  discovery 
of  the  circulation.  He  died  on  December  4,  1680.  His  son  Caspar 
(1655-1738),  professor  of  anatomy,  described  the  vaginal  glands  and 
also  the  duct  of  the  sublingual  gland  previously  recorded  by  A.  O. 
Rivinus  (1652-1723). 

Faber,  K.,  Nosography  in  Modern  Internal  Med.,  N.Y.,  1923,  p.  3;  and  letter; 
Gunther,  R.  T.,  Early  Science  in  Oxford,  Oxford,  1925,  iii.  91 ;  Jourdan,  J.  L.  A., 
Dictionnaire  des  sciences  medicates,  Biographie  medicate,  tome  i,  589-91, 592-603, 
Paris,  1820;  Maar,  V.  T.,  Bartholini  Vasa  Lymphatica,  Copenhagen,  1916. 

Valsalva  (1666-1723)  described  a  duct  in  man  which  Heister 
(1683-1758)  in  1715  declared  did  not  exist;  John  Ranby  (1703-73) 
could  not  confirm  the  existence  of  this  duct,  and  in  1725  as  a  result 
of  his  arterial  injections  suggested  that  the  ‘learned  anatomist’  had 
regarded  as  an  excretory  duct  what  was  in  fact  an  artery. 

John  Ranby  was  F.R.S.  (1724),  surgeon  to  St.  Thomas’s  Hospital, 
and  after  being  surgeon  to  the  Royal  Household  was  in  1740  appointed 
sergeant-surgeon  to  George  II,  whom  he  accompanied  to  the  battle 
of  Dettingen  in  1743.  His  influence  obtained  the  Act  of  Parliament 
in  1745  which  constituted  a  corporation  of  surgeons  as  distinct  from 
the  United  Company  of  Barber- Surgeons.  He  was  the  first  master  of 
the  new  company,  and  again  held  that  office  in  1751  and  1752. 

Cuvier  (1769-1832)  in  1805  stated  that  the  cavity  which  de  Bordeu 
(1722-77)  in  1752  regarded  as  constant,  was  not  always  present  and 
was  due  to  separation  between  what  were  later  called  the  cortex  and 
medulla.  After  referring  to  the  soft  state,  which  might  be  almost 
fluid,  of  the  centre  of  the  ‘renal  capsules’  Matthew  Baillie  (1761- 
1823)  in  1797  made  the  succinct  comment:  ‘this  is  probably  what  is 
meant  by  authors  when  they  say  that  they  have  found  in  the  cavity 
of  the  renal  capsules  a  fluid  like  ink.  Their  description  may  be 
regarded  as  being  a  little  exaggerated.’  In  1839  Rayer  (1793-1867) 
explained  the  formation  of  a  cavity  as  due  to  extravasation  of  blood 
from  rupture  of  veins.  The  name  of  ‘capsulae  atrabilariae  ’  became 
popular,  especially  in  France;  in  1732  J.  B.  Winslow  (1669-1760) 
wrote  on  ‘  Les  glandes  sur-renales  communement  dites  capsules  atra- 
bilaires’,  and  in  1764  R.  B.  Sabatier  (1732-1811),  one  of  Napoleon’s 
surgeons,  followed  suit.  In  G.  Douglas’s  translation  of  Winslow’s 
‘  exposition  ’  the  heading  of  this  section  runs  ‘  glandulae  renales  vulgo 
capsulae  atrabilariae’.  The  former  term  was  introduced  about  the 
same  time,  for  Edward  Tyson  (1650-1708)  gave  an  illustration  of  the 
‘glandulae  renales’  in  1678  and  thought  that  they  contained  a  cavity 
communicating  with  their  veins,  and  in  1706  James  Douglas  (1675- 
1742),  anatomist  and  obstetrician,  published  ‘a  new  and  exact  figure  ’ 
of  them  under  the  same  name.  Haller  in  1765  gave  a  generously 
documented  account  of  the  ‘capsulae  renales’. 


PROFESSOR  CASPAR  B.  BARTHOLINUS,  Secundus 

(1655-1738) 

When  22  years  of  age  and  Professor  of  Anatomy 


EMBRYOLOGY  307 

In  1789  Cassan  argued  that,  as  the  adrenals  are  larger  in  negroes 
than  in  Europeans,  they  were  concerned  in  the  forma  tion  of  cutaneous 
pigment.  The  larger  size  of  the  organs  in  the  negro,  though  confirmed 
by  Meckel,  has  been  seriously  disputed. 

Albintjs,  B.  S.,  Explicatio  Tabularum  Anatomicarum  Bartholomaei  Eustachii, 
Leyde,  1761 ;  Baillie,  M.,  The  Morbid  Anatomy  of  Some  of  the  Most  Important 
Parts  of  the  Human  Body,  Lond.,  1797,  p.  286;  Bartholinus,  C.,  Anatomicae 
Institutions  Corporis  humani,  Wittenberg,  1611 ;  Bartholintjs,  T.,  Anatome, 
omnium  veterum  recentiorumque  Observationibus  imprimis  Institutionibus  b.m. 
Parentis  Caspari  Bartholini  ad  Circulationem  Harvejanam  et  Vasa  lymphatica, 
Quartum  renovata,  Lugd.  Bat.,  1674,  pp.  191,  260,  Tabula  XXIX;  Batthin, 
C.,  De  humani  Corporis  Partibus  externis,  Bale,  1588 ;  de  Bordeu,  T.,  Recherches 
anatomiques  sur  les  differentes  positions  des  glandes  et  sur  leur  action,  Paris,  1752  ; 
Cassan,  quoted  by  Luciani,  Human  Physiology,  English  transl.,  Bond.,  1913, 
ii.  4/;  Casserius,  G.,  Tabulae  anatomicae,  Venet.,  1627;  Cuvier,  G.,  Legons 
d' anatomic  comparee,  Paris,  1805,  v.  240;  Douglas,  J.,  Phil.  Trans.,  1706-7, 
xxv.  2317;  Eustachius,  B.,  Opuscula  anatomica,  Libellus  de  Renibus,  Venet., 
1563;  Gibson,  T.,  Anatomy  of  Humane  Bodies  epitomised,  Lond.,  1682; 
Haller,  A.  von,  Elementa  Physiologiae  Corporis  humani,  Lugd.  Bat.,  1765,  vii. 
285;  Lancisi,  G.  M.,  Tabulae  anatomicae,  Romae,  1714,  Riflessioni  anatomiche 
sulle  Note  di  Monsignor  Gio.  Maria  Lancisi,  Romae,  1740;  Piccolhominus,  A., 
Prolectiones  anatomicae,  Roma,  1586,  p.  145;  Ranby,  J.,  Phil.  Trans.,  Lond., 
1725,  xxxiii.  270;  1726,  xxxiv.  159;  Raver,  P.,  Traite  des  maladies  du  reins, 
Paris,  1839;  Riolan,  J.,  OEuvres  anatomiques,  Paris,  1629;  Sabatier,  R.  B., 
Traite  complete  T anatomie,  1764,  ii.  526;  Shumacker,  A.  B.,  Bull.  Instit.  Hist. 
Med.,  Baltimore,  1936,  iv.  39;  Spigelius,  A.,  De  humani  Corporis  Fabrica, 
Venet.,  1627;  Tyson,  E.,  Phil.  Trans.,  Lond.,  1678,  xii.  1039;  Wharton,  T., 
Adenographia,  Lond.,  1656,  p.  85;  Winslow,  J.  B.,  Exposition  anatomique  de 
la  structure  du  corps  liumain,  Paris,  1732,  i,  p.  lxxi ;  idem,  Anatomical  Exposition 
(G.  Douglas’s  transl.),  Edin.,  1749,  ii.  181. 

Embryology.  In  1831  F.  Arnold  (1803-90)  stated  that  the 
adrenals  were  developed  from  the  Wolffian  bodies  by  means  of  a 
fissure,  and  that  there  was  a  structural  resemblance  between  the  two. 
Henry  Gray  (1827-61 ),  in  a  paper  on  the  development  of  the  ductless 
glands  in  the  chick  (1852),  stated  that  the  adrenals  arose  in  two 
masses  of  blastoma  lying  between  the  upper  and  inner  extremities 
of  the  Wolffian  bodies  on  the  one  hand  and  the  aorta  on  the  other 
hand.  In  1878  F.  M.  Balfour  (1851-82)  proved  that  in  elasmobranch 
fishes  the  homologues  of  the  mammalian  cortex  and  medulla  are 
separate  as  (a)  the  unpaired  ‘inter-renal’  body  and  ( b )  the  series  of 
‘paired’  bodies  along  the  dorsal  aorta  which  are  in  contact  with  and 
derived  from  the  sympathetic ;  he  described  the  inter-renal  body  as 
arising  from  the  coelomic  mesoblastic  tissue  lying  dorsal  to  the 
Wolffian  body ;  this  was  confirmed  as  regards  mammals  by  Mitsukuri 
(1882)  and  by  Janosik  (1883),  and  in  1884  Weldon  (1860-1906) 
suggested  that  in  reptiles  and  mammals  the  connexion  between  the 
Wolffian  body  and  the  adrenal  is  much  closer  than  was  then  supposed. 
The  homologies  of  the  ‘inter-renal’  body  and  the  cortex,  and  of  the 
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‘paired  bodies  and  the  medulla  had  been  assumed  by  Leydig  (1821— 
1908)  as  long  ago  as  1852;  in  1897  Swale  Vincent  (1868-1933),  who 
pointed  out  Leydig’s  view,  confirmed  the  correspondence  by  physio¬ 
logical  tests,  the  1  paired  ’  bodies  containing  a  pressor  substance  like 
that  in  the  medulla  of  mammals.  Cleghorn  (1932),  however,  found 
that  injection  of  an  extract  of  the  k  inter-renal  ’  body  in  elasmobranchs 
did  not  relieve  the  symptoms  of  adrenal  insufficiency  in  adrenalec- 
tomized  cats.  The  cortex  is  formed  first  and  is  subsequently  invaded 
by  neural  elements  from  the  sympathetic  (Kolliker,  1861),  in  which 
chromophil  granules  appear  about  the  sixth  month  of  foetal  life. 
Kohn  (1907)  described  the  emigration  in  early  embryonic  life  of 
neuroblasts  from  the  ganglionic  crest  of  the  medullary  tube  along 
the  anterior  spinal  segmental  nerves  into  the  adrenal  medulla.  The 
most  primitive  cells  of  the  adrenal  medulla  are  lymphocyte -like  cells, 
the  sympathogonia,  which  give  rise  to  (a)  the  sympathoblasts  and 
the  sympathetic  ganglion  cells,  and  (b)  the  phaeochromoblasts  and  the 
chromaffin  cells. 

Gottschau  (1849-  )  argued  in  1883  that  the  cells  of  the  cortex 

begin  their  existence  in  the  zona  glomerulosa  and  form  the  cells  in  the 
rest  of  the  cortex  terminating  in  the  zona  reticularis.  He  also  put 
forward  the  view  that  the  medulla  was  embryologically  derived  from 
the  cortex,  and  that  the  zona  reticularis  of  the  cortex  and  the  medulla 
should  be  considered  as  one  tissue,  the  zona  consumptiva. 

The  relative  size  of  the  adrenals  and  the  kidneys  in  foetal  and  in¬ 
dependent  existence  is  very  different.  At  the  eighth  week  of  intra¬ 
uterine  life  they  are  both  microscopic  but  of  the  same  size  (E.  R.  A. 
Cooper,  1925). 

The  development  of  the  adrenal  cortex  is  under  the  control  of  the 
anterior  pituitary,  which  contains  an  adreno- cortical  stimulating 
principle  (vide  p.  64). 

h  rom  their  developmental  proximity  the  kidney  and  adrenal  may 
be  adherent  and  partially  or  wholly  within  a  common  fibrous  cap¬ 
sule  (Rokitansky,  1846)  ;  nephrectomy  in  cases  with  this  renal -adrenal 
adhesion  will  entail  serious  damage  or  removal  of  the  adrenal  (Davie, 
1935).  In  malposition  of  the  kidneys,  however,  the  adrenals  remain 
in  their  normal  position  (Boyd,  1841). 

Arnold,  F.,  ‘Der  Kopftheil  des  vegetativen  Nervensystems’,  Salz.  med.  Ztng., 
1831,  301 ;  Balfour,  F.  M.,  Monograph  on  the  Development  of  the  Elasmobranch 
Fishes,  Bond.,  1878;  Boyd,  R.,  Med.-Chir.  Trans.,  Lond.,  1841,  xxvi.  187; 
Cleghorn,  R.  A.,  Journ.  Physiol.,  Lond.,  1932,  lxxv.  413;  Cooper,  E.  R.  A., 
L  he  Histology  of  the  More  Important  Human  Endocrine  Glands  at  Various  Ages, 
Oxford  University  Press,  1925;  Davie,  T.  B.,  Brit.  Journ.  Surg.,  Bristol,  1935, 
xxii.  425;  Gottschau,  M.,  Arch.  f.  Anat.  u.  Entwcklngsgesch.,  Leipz.,  1883, 
p.  412;  Gray,  H.,  Phil.  Trans.,  Lond.,  1852,  cxlii.  295;  Janosik,  J.,  Arch.  f. 
niikr.  Anat.,  Bonn,  1883,  xxii.  738;  Kolliker,  A.,  Entwickelungsgeschichte  des 
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Menschen  und  hoheren  Thiere,  1861;  Kohn,  A.,  Arch.  f.  milcr.  Anat.,  Bonn, 
1907,  lxx.  261;  Leydig,  F.,  Beitr.  zur  mikroskop.  Anat.,  Leipz.,  1852;  Mitsu- 
kuri,  K.,  Quart.  Journ.  Microscop.  Sc.,  Lond.,  1882,  n.s.,  xxii.  17 ;  Vincent,  S., 
Proc.  Boy.  Soc.,  Lond.,  1907,  lxi.  64;  Weldon,  W.  F.  R.,  Quart.  Journ.  Micro¬ 
scop.  Sc.,  Lond.,  1884,  n.s.,  xxv.  137. 

The  Foetal  Cortex.  The  large  size  of  adrenals  at  birth,  a  third 
more  than  that  of  the  kidneys,  was  shown  in  1911  by  Thomas  and  in¬ 
dependently  by  Elliott  and  Armour  and  also  by  Kern  to  be  a  peculiar 
hypertrophy  of  the  cortex  in  contact  with  the  medulla,  which  appears 
very  early  in  foetal  life  and  increases  in  size  up  to  about  the  time  of 
birth.  The  foetal  cortex  has  received  other  names — the  ‘boundary’ 
zone  (Sharpey-Schafer,  1924),  the  ( X-  and  the  ‘transient’  zone 
(Howard-Miller,  1927 ;  Miller,  1930)  and  the  ‘central’  zone  (Cramer, 
1928).  The  foetal  cortex  or  ‘boundary  zone’  must  not  be  confused 
with  the  '  intermediate  zone  ’  described  by  Virchow  as  a  very  thin 
layer  of  cells  at  the  junction  of  the  cortex  and  medulla,  which  become 
pigmented  in  old  age. 

The  foetal  cortex  occupies  five-sixths  of  the  cortex  in  foetal  life 
and  degenerates  so  that  at  the  end  of  the  first  year  it  has  disappeared, 
its  place  being  taken  by  cells  proliferating  from  a  peripheral  rim  of 
cells  which  from  early  foetal  life  resemble  the  adult  or  true  cortex 
(Elliott  and  Armour).  Its  presence  was  not  observed  in  mammals 
other  than  man  by  Elliott  and  Armour  or  by  Cramer  (1928) ;  but  it 
was  described  in  post-foetal  life  in  mice  by  Howard  Miller,  and  also 
by  Deanesly.  Keene  and  Hewer  (1926)  found  that  the  human  foetal 
cortex  degenerated  during  the  last  ten  weeks  of  foetal  life,  and  this 
may  explain  why  the  adrenals  reach  their  maximum  size  during 
foetal  life  at  the  sixth  month ;  at  birth,  however,  the  foetal  cortex 
still  forms  the  bulk  of  the  adrenal. 

Lewis  and  Pappenheimer  (1916)  from  examination  of  100  human 
adrenals  from  the  fifth  month  of  foetal  life  to  the  third  year  found  that 
degeneration  of  the  foetal  cortex  was  complete  at  the  end  of  foetal 
life,  that  the  same  degeneration  occurred  in  accessory  and  aberrant 
adrenals,  and  that  the  capsule  left  around  the  medulla  described  by 
Kern  was  due  to  collapse  of  the  framework  of  the  foetal  cortex  and 
not  to  any  new  formation  of  fibrous  tissue.  Thomas  regarded  the 
degeneration  of  the  foetal  cortex  as  a  means  of  making  room  for  the 
medulla,  and  Landau  (1915)  suggested  that  it  increased  the  folding-in 
and  convolutions  of  the  cortex  and  so  its  contact  with  the  medulla. 
Deanesly  (1928)  found  that  the  degeneration  in  the  human  foetal 
cortex  and  in  that  of  female  mice  was  much  the  same,  but  that  there 
was  a  difference  in  male  and  female  mice.  It  has  been  thought  that 
it  is  due  to  the  sudden  removal  at  birth  of  the  female  sex-hormone. 

The  foetal  cortex  is  eosinophilic  and  begins  to  show  the  presence  of 
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lipoid  material  about  the  sixth  month  of  foetal  life.  The  differentiation 
into  the  three  zones  described  by  J.  Arnold  (1866)  develops  late  and 
is  not  complete  at  birth;  Elliott  and  Tuckett  (1906)  recommended 
that  this  division  should  no  longer  be  recognized,  as  it  is  inapplicable. 

In  the  human  foetus  Broster  and  Vines  (1933)  found  that  the  cells 
in  the  inner  zones  of  the  foetal  cortex,  described  by  Elliott  and  Armour, 
gave  a  reaction  with  ponceau  fuchsin,  resembling  that  found  in  the 
cortical  cells  in  cases  of  virilism.  In  male  foetuses  it  was  present  from 
the  tenth  to  the  seventeenth  week  ;  in  female  foetuses  this  fuchsinophil 
reaction  did  not  last  so  long,  only  from  the  eleventh  to  the  fifteenth 
week  of  intra-uterine  life.  In  other  parts  of  the  body  this  vivid  red 
stain  with  fuchsin  is  obtainable  only  in  the  eosinophil  cells  of  the 
anterior  pituitary  and  sometimes  in  the  interstitial  cells  of  the  testis 
and  the  peripheral  cells  of  young  corpora  lutea.  A  relation  between 
the  presence  of  this  fuchsin  stain  and  maleness,  or  a  masculinizing 
influence,  is  thus  suggested.  The  suppression  of  the  fuchsinophil  stain 
in  female  foetuses  may  be  due  to  inhibition  exerted  by  the  pituitary. 

Cramer  (1928)  who  described  wThat  others  call  the  foetal  cortex  as 
the  ‘central  body’,  believed  that  its  large  cells  give  origin  to  part  at 
least  of  the  medulla. 

The  function  of  the  large  size  of  the  cortex  in  the  foetus  has  been 
thought  to  control  or  inhibit  the  rate  of  tissue  oxidation,  and  the 
degeneration  of  the  foetal  cortex  has  been  correlated  with  the  rapid 
evolution  of  heat  in  the  new  born  (Marine,  Lowe,  and  Cipra,  1922). 
The  cortex  does  not  regain  its  weight  at  birth  until  the  age  of  12 
years  (Lewis  and  Pappenheimer,  1916). 

Broster,  L.  R.,  and  Vines,  H.  W.  C.,  The  Adrenal  Cortex,  Lond.,  1933; 
Cramer,  W.,  Fever,  Heat  Regulation,  Climate  and  the  Thyroid- Adrenal  Ap¬ 
paratus,  Lond.,  1928,  p.  138;  Deanesly,  R.,  Proc.  Roy.  Soc.  Lond.,  B,  1928, 
ciii.  523  ;  Elliott,  T.  R.,  and  Armour,  R.  G.,  Journ.  Path,  and  Bacteriol.,  Edin., 
1911,  xv.  481;  Elliott,  T.  R.,  and  Tuckett,  I.,  Journ.  Physiol.,  Cambridge, 
1906,  xxxiv.  332;  Howard,  E.,  Anat.  Rec.,  Phila.,  1930,  xlvi.  93;  Howard- 
Miller,  E.,  Am.  Journ.  Anat.,  Phila.,  1927,  xl.  250;  Keene,  M.  F.  L.,  and 
Hewer,  E.  E.,  Journ.  Anat.,  Cambridge,  1926-7,  lxi.  971  ;  Kern,  H.,  Deutsche 
med.  Wchnschr .,  1911,  xxxvii.  971;  Landau,  M.,  Die  Nebennierenkinde,  Jena, 
1915;  Lewis,  R.  M.,  and  Pappenheimer,  A.  M.,  Journ.  Med.  Res.,  Boston, 
1916,  xxxiv.  81 ;  Marine,  D.,  Lowe,  and  Cipra,  Journ.  Metabol.  Res.,  Morris¬ 
town,  1922,  ii.  329;  Preston,  M.,  Endocrinol.,  Los  Angeles,  1928,  xii.  323; 
Thomas,  E.,  Beitr.  z.  path.  Anat.  u.  z.  ally.  Path.,  Jena,  1911,  1.  283. 

Foetal  Cortex  and  Anencephaly.  Elliott  and  Armour,  Pappen¬ 
heimer,  and  Keene  and  Hewer  all  pointed  out  the  absence  of  the 
foetal  cortex  in  anencephalous  foetuses.  Aplasia  of  the  adrenals  in 
anencephalous  foetuses  was  observed  in  the  eighteenth  century  and 
the  beginning  of  the  nineteenth  century,  when  examination  of 
monsters  was  exciting  keen  interest.  Morgagni  (1682-1771)  in  1723, 
Hewson  (1739-74),  W.  Cooper  in  1775,  S.  T.  von  Soemmerring  (1755- 
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1830)  in  1791,  and  William  Lawrence  (1783-1867)  in  1814  agreed  that 
anencephaly  was  associated  with  very  small  1  renal  capsules  ’  and  was 
commoner  in  females.  Adrenal  aplasia  or  hypoplasia  was  also  de¬ 
scribed  in  other  malformations  of  the  brain — encephalocele,  micro¬ 
cephaly,  and  hydrocephalus.  Zander  (1890)  argued  that  adrenal 
hypoplasia  was  associated  only  with  lesions  of  anencephaly  involv¬ 
ing  the  anterior  part  of  the  brain.  Alexander  (1892)  regarded  the 
adrenal  lesion  as  primary,  and  Ilberg  (1901)  ascribed  the  failure  of 
cerebral  development  to  low  blood-pressure  due  to  adrenal  aplasia 
during  foetal  life.  But  the  adrenal  medulla  and  the  chromaffin  system 
have  been  found  to  be  normal.  Meyer  (1912)  moreover  found  that 
there  was  not  any  defect  in  the  adrenals  of  anencephalous  foetuses 
up  to  the  fifth  month  of  intra-uterine  life,  and  therefore  concluded 
that  the  adrenal  lesion  was  secondary  and  not  primary.  Pappen- 
heimer  (1916)  argued  that  the  foetal  cortex  failed  to  develop  and 
that  its  absence  was  not  due  to  premature  degeneration.  In  1920 
Browne  stated  that  the  absence  of  the  pituitary  was  responsible  for 
the  anencephalic  syndrome;  this  was  contested  by  Barlow  (1923) 
and  by  Elliott  (1923).  But  it  is  now  known  that  the  anterior  lobe 
of  the  pituitary  secretes  an  adrenotropic  hormone  which  presides 
over  the  adrenal  cortex  (Kohn,  1924;  Kraus,  1926;  Moehlig,  1929). 
P.  E.  Smith  (1927)  produced  hypoplasia  of  the  cortex  without  any 
change  in  the  medulla  of  the  adrenals  by  hypophysectomy  in  rats. 
Jansen  (1921)  explained  anencephaly  as  due  to  necrotic  changes  in 
the  nervous  tissues  caused  by  the  pressure  exerted  by  a  small  am- 
niotic  sac ;  this  would  be  compatible  with  the  view  that  damage  to 
the  pituitary  with  resulting  deficiency  of  the  adrenotropic  hormone 
is  the  primary  factor  in  the  adrenal  aplasia. 

Alexander,  C.,  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  Jena,  1892,  xi.  145; 
Barlow,  D.  L.,  Brit.  Med.  Journ.,  1923,  i.  15;  Browne,  F.  J.,  Edin.  Med. 
Journ.,  1920,  n.s.,  xxv.  296;  Cooper,  W.,  Phil.  Trans.,  Lond.,  1775,  lxv.  311; 
Dietrich,  A.,  und  Siegmund,  J.,  Handbuch  der  spez.  path.  Anat.  u.  Histologie, 
1926,  viii.  951 ;  Elliott,  T.  R.,  Brit.  Med.  Journ.,  1923,  i.  81 ;  Elliott,  T.  R., 
and  Armour,  R.  G.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1911,  xv.  481 ;  Hewson, 
W.,  quoted  by  Cooper;  Ilberg,  Arch.  f.  Psychiat.,  Berlin,  1901,  xxxiv.  140; 
Jansen,  M.,  Feebleness  of  Growth  and  Congenital  Dwarfism,  Oxford  University 
Press,  1921,  p.  49;  Keene,  M.  F.  L.,  and  Hewer,  E.  E.,  Journ.  Anat.,  Cam¬ 
bridge,  1926-7,  lxi.  302 ;  Kohn,  A.,  Arch.  f.  Entwcklngsmechn.  d.  Organ.,  Leipz., 
1924,  cii.  113;  Kraus,  E.  J.,  Handbuch  der  spez.  path.  Anat.  u.  Histologie,  1926, 
viii.  810;  Lawrence,  W.,  Med.-Chir.  Trans.,  Lond.,  1814,  v.  165;  Meyer,  R., 
Virchows  Arch.,  1912,  ccx.  158;  Moehlig,  R.  C.,  Arch.  Int.  Med.,  Chicago, 
1929,  xliv.  339;  Morgagni,  J.  B.,  quoted  by  J.  F.  Meckel,  Handbuch  der  path. 
Anat.,  Leipz.,  1812,  Bd.  1,  642;  Pappenheimer,  A.  M.,  Proc.  N.  Y.  Path. 
Soc.,  1916,  n.s.,  xvi.  164;  Smith,  P.E.,  Journ.  Am..  Med.  Assoc.,  Chicago,  1927, 
lxxxviii.  158;  Soemmerring,  S.  T.  von,  Abbildung  und  Beschreibung  einiger 
Missgeburten,  Mainz,  1791,  p.  7;  Zander,  R.,  Beitr.  z.  path.  Anat.  u.  z.  allg. 
Path.,  Jena,  1890,  vii.  441. 
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Anatomy.  It  may  be  assumed  that  the  obvious  naked-eye 
difference  between  the  cortex  and  the  medulla  was  recognized  from 
the  time  the  supposed  cavity  was  described.  Cuvier  (1769-1832)  in 
1805  gave  an  account  of  their  differences,  though  he  did  not  use  the 
terms  cortex  and  medulla  which  were  employed  by  Huschke  (1797- 
1858)  in  1845,  Henry  Gray  in  1852,  and  Kolliker  in  1854.  Cuvier, 
who  stated  that  there  were  not  any  adrenals  in  fish,  not  recognizing 
the  nature  of  the  inter-renal  body,  said  that  the  structure  of  the 
adrenals  and  kidneys  was  similar  but  differently  arranged,  the  tubular 
portion  being  inside  in  one  and  outside  in  the  other. 

Between  the  cortex  and  the  medulla  there  is  a  limiting  layer  of 
loose  connective  tissue  which  appears  after  birth  when  the  foetal 
cortex  disappears ;  this  layer  has  been  regarded  as  the  result  of  the 
condensation  of  connective  tissue  left  after  degeneration  of  the  foetal 
cortex  or  as  a  scar  due  to  tissue  reaction  in  the  ‘central  body’ 
(Cramer,  1928).  The  weight  of  the  two  adrenals  at  birth  is  seven 
grammes,  and  very  little  more  in  adult  life. 

The  arterial  supply  is  threefold:  (i)  the  superior  adrenal  artery 
from  the  phrenic ;  (ii)  the  middle,  direct  from  the  aorta,  and  (iii)  the 
inferior  from  the  renal.  It  has  been  said  to  receive  six  times  its  weight 
of  blood  every  minute  and,  like  the  thyroid,  to  be  relatively  one  of 
the  most  vascular  organs  in  the  body. 

The  efferent  blood-vessels  of  the  adrenal  are  of  four  types ;  the 
sinusoids  in  the  medulla  described  by  Minot  (1852-1914),  the  small 
central  vein,  the  large  central  vein,  and  the  adrenal  vein  (Ferguson, 
1906). 

The  lymphatics  drain  into  the  glands  around  the  abdominal  aorta. 

A  erve-fibres  reach  the  adrenals  from  the  splanchnics,  the  trunk 
of  the  abdominal  sympathetic,  and  the  coeliac  ganglion.  The  capsule 
of  the  gland  contains  a  plexus  of  medullated  and  non-medullated 
nerve-fibres. 

Histology.  Ecker  (1816-87)  in  1846  investigated  the  histology  of 
the  adrenals  as  far  as  was  possible  with  the  microscopical  and  other 
technique  then  available.  The  cortex  was  divided  into  the  three 
zones,  glomerulosa,  fasciculata,  and  reticularis  by  J.  Arnold  in  1866. 
The  polyhedral  cells  of  the  cortex  do  not  show  an  abrupt  change 
between  the  three  zones.  Their  nuclei  are  clear,  and  in  adult  life 
the  cytoplasm  contains  droplets  of  cholesterol  esters  which  are 
probably  stored  there  (Landau  and  McNee,  1914)  and  not  secreted 
by  the  cells  as  has  been  thought  (Chauffard,  Laroche,  and  Grigaut, 
1912),  and  are  absent  or  nearly  so  in  early  life.  In  adult  life  yellow  or 
brownish  lipochrome  pigment  is  present,  especially  in  the  zona  reticu¬ 
laris  the  cells  of  which  have  been  regarded  as  transitional  to  those  of 
the  medulla  (Gottschau,  1883;  Abelous  and  Argaud,  1930).  The 
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lipoid  content  in  the  cells,  which  exceeds  that  in  any  other  part  of  the 
body,  is  stored  and  lost  in  a  manner  quite  different  from  that  of  the 
other  fats  of  the  body.  It  does  not  disappear  with  general  emaciation, 
and  tends  to  be  excessive  in  chronic  renal  disease,  especially  when 
associated  with  arteriosclerosis ;  it  is  exhausted  with  great  rapidity 
in  acute  febrile  infections  (Elliott,  1914).  Mott  (1922)  considered 
that  the  lipoid  was  conveyed  to  the  testis  and  that  it  might  also  form 
antibodies.  The  presence  of  mitochondria  in  the  cortical  cells  was 
recognized  in  1902  by  Bonnamour  and,  though  they  have  been  thought 
to  be  connected  with  secretion  (Stoerk  and  von  Haberer,  1908)  or 
with  the  formation  of  lipoids  (Da  Costa,  1913),  their  significance  has 
not  been  settled.  Findlay  (1920)  and  Cooper  (1925)  described  the 
cells  of  the  zona  reticularis  in  the  cortex,  especially  those  nearest  to 
the  medulla,  as  showing  an  increase  in  the  granules  of  the  lipochrome 
pigment.  Mulon  (1906)  pointed  out  the  close  resemblances  in  guinea- 
pigs  between  the  cells  of  the  cortex  and  those  of  the  corpus  luteum 
and  of  the  interstitial  cells  of  the  testis.  The  cortex  contains  reticulo¬ 
endothelial  cells  resembling  Kupffer’s  cells  in  the  liver. 

The  Medulla.  The  division  between  the  cortex  and  the  medulla 
is  usually  irregular  in  adults  from  the  projection  inwards  of  columns 
of  cortical  cells.  The  cells  of  the  medulla  are  smaller  than  those  of  the 
cortex,  and  are  arranged  in  an  anastomosing  network  in  close  relation 
to  large  capillary  spaces  and  amyelinated  nerve  fibres ;  the  cells  are 
polygonal,  29  to  30  y,  granular  but  less  so  than  those  of  the  cortex, 
give  a  chromaffin  reaction,  and  are  loaded  with  adrenaline. 

Colin  in  1856  found  that  the  surface  of  the  adrenals  struck  a  bine 
colour  with  sulphate  of  iron ;  in  the  same  year  Vulpian  showed  that 
perchloride  of  iron  coloured  the  medulla  bluey -green  or  blackish  and 
that  the  blood  in  the  adrenal  veins  gave  the  same  reaction,  though 
the  other  organs  and  the  blood  did  not  do  so.  He  concluded  that  the 
material  giving  the  reaction  was  connected  with  the  function  of  the 
adrenals. 

Employing  a  special  histo-  chemical  technique  W.  Cramer  (1918) 
found  that  osmic  acid  vapour  stained  the  granules  of  adrenaline  in 
the  medullary  cells  in  a  manner  easily  distinguishable  from  that  of 
the  lipoid  in  the  cortex.  Sympathetic  ganglion  cells  are  described  in 
the  medulla,  and  their  axons  end  around  the  chromaffin  cells.  The 
close  relation  of  the  sympathetic  nervous  system  to  the  medulla  was 
pointed  out  by  Bergmann  (1839)  and  confirmed  by  Leydig,  and  it 
has  been  suggested  that  the  chromophil  cells  in  the  adrenal  medulla 
are  the  bodies  of  the  neurones  which  supply  the  musculature  of  the 
circulatory  system  (J.  E.  Gaskell,  1914). 

The  veins  of  the  adrenal  are  without  valves  and,  especially  the 
central  vein,  show  a  deficiency  of  circular  muscular  fibres  in  their 
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middle  coat  but,  as  Ferguson  pointed  out  in  1906  and  Peindarie  in 
1920  independently  observed,  there  are  longitudinal  strands  of  smooth 
muscular  fibres  in  the  adventitia,  which  form  from  §  to  §  of  the  whole 
thickness  of  the  vein  wall.  It  has  been  thought  that  these  bundles  of 
smooth  muscle  regulate  the  output  of  adrenaline  by  assuring  a  con¬ 
stant  flow  of  blood  (Poll,  1909),  act  as  valves  (Peindarie),  obliterate 
the  lumen  of  the  veins  (Maresch,  1921),  and  that  sympathetic  nerve- 
stimulation  causes  them  to  undergo  dilatation,  and  stimulation  by 
the  parasympathetic  occludes  the  lumen  of  the  veins ;  Zechwer 
(1935 ) ,  who  put  forward  the  last  hypothesis,  noticed  that  the  muscular 
bundles  did  not  become  prominent  until  late  in  life,  and  suggested 
that  their  hypertrophy  was  a  protective  mechanism  to  diminish  the 
flow  of  adrenaline  into  the  blood  of  patients  with  high  blood-pressure. 
The  adrenal  arteries  have  not  been  found  to  show  any  unusual 
features. 

The  nerve-supply  from  the  solar  and  renal  plexuses  of  the  sym¬ 
pathetic  is  very  large ;  fibres  have  been  traced  from  the  splanchnics 
(Jacobi,  1891),  and  from  the  vagus  and  phrenic  (Bergmann,  1839). 

In  old  age  according  to  Pilliet  (1893)  the  adrenals  show  cellular 
degeneration,  fibrosis,  cortical  adenomas,  and  increased  amount  of 
lipoid. 

Abelous,  J.  E.,  et  Argaud,  R.,  Compt.  rend.  Soc.  biol.,  Paris,  1930,  ciii.  129; 
Arnold,  J.,  Virchows  Arch.,  1866,  xxxv.  64 ;  Bergmann,  C.,  Diss.  de  Glandulis, 
Gottingae,  1839;  Bonnamour,  S.,  Compt.  rend,  de  Vassoc.  d'anat.,  Montpellier, 
1902,  quoted  by  G.  N.  Stewart;  Chauffard,  A.,  Laroche,  G.,  et  Grigaut,  A., 
Arch,  d'obst.  et  de  gyn.,  Paris,  1912,  xvii.  401 ;  Colin,  G.,  Traite  de  physiologie 
comparee,  Paris,  1856,  p.  483;  Cooper,  E.  R.  A.,  The  Histology  of  the  More 
Important  Human  Endocrine  Glands  at  Various  Ages,  Oxford  Univ.  Press,  1925, 
p.  33;  Cramer,  W.,  Proc.  Physiol.  Soc.,  p.  viii;  Journ.  Physiol.,  Lond.,  1918-19, 
hi  5  idem,  Fever,  Heat  Regulation,  Climate,  and  the  Thyroid- Adrenal  Apparatus, 
Lond.,  1928;  Da  Costa,  A.  C.,  Arch,  de  biol.,  Liege  et  Paris,  1913,  xxviii.  Ill ; 
Clwier,  G.,  Lemons  cVanat.  comparee,  Paris,  1805,  v.  240;  Ecker,  A.,  Der 
feiner  Bau  der  Nebennieren  beim  Menschen,  Braunschweig,  1846;  Elliott, 
T.  R.,  Quart.  Journ.  Med.,  Oxford,  1914-15,  viii.  47;  Ferguson,  J.  S.,  Am. 
Journ.  Anat.,  Baltimore,  1906,  v.  63;  Findlay,  G.  M.,  Journ.  Path,  and 
Bacteriol.,  1920,  xxiii.  482;  Gaskell,  J.  F.,  Phil.  Trans.,  B,  1914,  ccv.  153; 
Gottschau,  M.,  Arch.f.  Anat.  u.  EntwcJclngsgesch.,  Leipz.,  1883,  p.  412;  Gray, 
H.,  Phil.  Trans.,  Lond.,  1852,  cxlv.  295 ;  Huschke,  E.,  Traite  de  splanchnologie, 
translated  by  A.  J.  L.  Jourdan,  Paris,  1845,  p.  330;  Jacobi,  Arch.  f.  exper. 
Path.  u.  PharmakoL,  Leipz.,  1891,  xxix.  185;  Kolliker,  A.,  Mikroskopische 
Anatomie  oder  Gewebelehre  des  Menschen,  Leipz.,  1854 ;  Landau,  M.,  und  McNee, 
J.  W.,  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  Jena,  1914,  lviii.  401 ;  Maresch,  R.’ 
Wien.  med.  Wchnschr.,  1921,  xxxiv.  44;  Minot,  C.  S.,  Proc.  Boston  Soc.  Nat. 
Hist.,  1900,  xxix.  185;  Mott,  F.  W.,  Proc.  Roy.  Soc.  Med.  Lond.,  1922,  xv 
(Sect.  Psychiat.),  1;  Mulon,  P.,  Compt.  rend.  Soc.  biol.,  Paris,  1906,  lx.  614, 
lxi.  292;  Peindarie,  J.,  ibid.,  1920,  lxxxiii.  958;  Pilliet,  A.,  Arch.  med. 
exper.  et  path,  anat.,  Paris,  1893,  v.  541;  Poll,  H.,  Berlin,  klin.  Wchnschr., 
1909,  xlvi.  1973;  Stewart,  G.  N.,  in  Special  Cytology  (E.  V.  Cowdry),  N.Y., 
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1928,  i.  623;  Stoerk,  O.,  und  von  Haberer,  H.,  Arch.f.  mikr.  Anat.,  Bonn,  1908, 
Ixxii.  481;  Vulpian,  M.,  Compt.  rend.  Acad.  d.  sc.,  Paris,  1856,  xliii.  663; 
Zechwer,  I.  T.,  Arch.  Path.,  Chicago,  1935,  xx.  9. 

Accessory  and  Aberrant  Adrenals.  In  1852  Frey  spoke  of  them 
as  common,  and  in  1891  C.  G.  Schmorl  (1861-1932)  found  then  in  92 
per  cent,  of  human  bodies.  Their  presence  in  experimental  animals 
varies  in  different  species,  and  in  man  they  become  fewer  with  advanc¬ 
ing  years.  They  may  be  composed  of  (1)  both  cortex  and  medulla, 
(2)  cortex  alone,  and  this  is  far  the  commonest  form,  or  (3)  medulla 
only ;  the  last  were  called  by  Kohn  in  1899  paraganglia.  This  exten¬ 
sion  of  the  chromaffin  system  is  closely  related  to  the  sympathetic 
trunks,  and  is  represented  in  the  ‘aortic  bodies’,  discovered  in  1901 
by  Zuckerkandl  (1849-1910),  on  each  side  of  the  aorta  at  the  level  of 
the  origin  of  the  inferior  mesenteric  artery  and  containing  chromaffin 
cells  ;  they  are  temporary  structures  only  and  undergo  atrophy  early 
in  infancy.  The  carotid  body  is  generally  regarded  as  a  chromaffin 
structure  ;  but  a  similar  view  about  the  coccygeal  body  has  been  con¬ 
troverted. 

In  man  accessory  adrenals,  fragments  of  the  main  glands,  occur  in 
their  vicinity,  where  Srdinko  in  1906  found  as  many  as  thirteen  in 
one  instance,  in  the  solar  plexus  and  under  the  capsule  of  the  kidney, 
as  was  pointed  out  by  Rokitansky  (1804-78)  in  1846;  among  376 
bodies  10,  or  2-6  per  cent.,  showed  a  layer  of  adrenal  substance  under 
the  capsule  of  the  kidney  (Briteo,  1933).  Grawitz  (1883)  regarded 
their  presence  in  the  substance  of  the  kidney  as  due  to  foetal  in¬ 
clusions  between  two  renal  lobules.  Accessory  adrenals  have  also 
been  found  in  the  liver  (Schmorl,  1891  ;  Oberndorfer,  1900;  Pepere, 
1903  ;  Beer,  1904  ;  Weller,  1925)  and  in  the  pancreas  (Ribbert,  1904). 
Aberrant  adrenals  occur  in  more  distant  parts  of  the  abdomen,  along 
the  spermatic  vessels  in  the  broad  ligaments  (Pilliet  and  Veau,  1897), 
and  parovarium  (Fram^ois  and  Isidor,  1934) ;  but  not  in  either  the 
testis  or  the  ovary  (Glynn,  1921).  The  aberrant  adrenals  composed 
of  the  glomerular  and  fasciculate  zones  (Caussade,  1936)  of  the 
cortex  have  been  called  ‘Marchand’s  adrenals’. 

A  congenital  intracranial  mass  containing  the  three  cortical  zones 
and  a  small  amount  of  medulla  was  found  between  the  dura  mater  and 
the  arachnoid  close  to  the  spinal  part  of  the  spinal  accessory  nerve 
(Meyer,  1917).  This  appears  to  be  a  unique  observation. 

The  accessory  adrenals  are  important,  (i)  physiologically  in  under¬ 
going  compensatory  hyperplasia  when  the  adrenals  are  destroyed  or 
removed  and  (ii)  pathologically  in  connexion  with  Grawitz’s  view 
that  when  implanted  in  the  kidney  they  may  take  on  active  or 
malignant  characters — renal  hypernephromas  or  ‘Grawitz  tumours’. 
The  cells  of  these  tumours  resemble  in  some  respects  the  adrenal 
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cortex.  Similar  tumours  of  the  liver  have  been  described,  of  which 
Abell  collected  11  in  1928.  The  Grawitz  hypothesis,  attractive  in 
connexion  with  Cohnheim’s  theory  of  malignant  disease  arising  in 
fragments  displaced  during  foetal  life,  was  contested  by  Wilson  and 
Willis  (1911 )  and  it  is  now  generally  agreed  that  they  arise  from  renal 
epithelium.  The  adrenal  nature  of  some  hepatic  growths,  of  which 
Mason  and  Speese  (1933)  recently  recorded  a  case  in  a  child  aged  17 
months,  was  also  contested  by  E.  E.  Glynn  (1912)  and  Nicholson 
(1923)  wdio  regarded  the  tumours  as  derived  from  the  hepatic  cells. 
The  ovarian  hypernephromas,  described  by  Peham  (1899)  and  K. 
Gordon  (1919)  w^ere  shown  by  Turnbull  (1920)  and  Glynn  (1921)  to 
be  lutein  tumours.  It  is  noteworthy  that  the  changes  in  the  secon¬ 
dary  sex- characters  seen  in  association  with  tumours  of  the  adrenal 
cortex  do  not  occur  in  the  so-called  renal,  hepatic,  or  ovarian  ‘hyper¬ 
nephromas  \ 

Abell,  L.,  Ann.  Surg.,  Phila.,  1928,  lxxxvii.  829;  Beer,  E.,  Ztschr.  f.  Heilk., 
1904,  xxv.  381;  Briteo,  G.,  Compt.  rend.  Assoc.  Anat.,  Lisbonne,  1933,  102; 
Caussade,  G.,  Ann.  d'anat.  path.,  Paris,  1936,  xiii.  112;  Francis,  E.,  et 
Isidor,  P.,  Ann.  d'anat.  path.,  Paris,  1934,  xi.  126;  Frey,  H.,  Cyclopaedia 
of  Anat.  and  Physiol.  (Todd),  1852,  iv.  827 ;  Glynn,  E.  E.,  Quart.  Journ.  Med., 
Oxford,  1911-12,  v.  157 ;  idem,  Journ.  Obst.  and  Gyn.  Brit.  Emp.,  Manchester, 
1921,  xxviii.  23;  Gordon,  K.,  Brit.  Med.  Journ.,  1919,  ii.  495;  Grawitz,  P., 
Virchows  Arch.,  1883,  xciii.  39;  Kohn,  A.,  Arch.  f.  mikr.  Anat.,  Bonn,  1899, 
liii.  281;  Luschka,  H.,  Virchows  Arch.,  1860,  xviii.  106;  Marchand,  F.,  ibid., 
1884,  xcvii.  366;  Mason,  J.  B.,  and  Speese,  J.,  Ann.  Surg.,  Phila.,  1933, 
xcvii.  150;  Meyer,  A.  W.,  Anat.  Pec.,  Phila.,  1917,  xii.  43;  Nicholson,  G.  W., 
Guy's  Hosp.  Rep>.,  Lond.,  1923,  lxxii.  164;  Oberndorfer,  S.,  Centralbl.  f.  ally. 
Path.  u.  path.  Anat.,  Jena,  1900,  xi.  145;  Pepere,  A.  H.,  Monitori  zool. 
ital.,  Firenze,  1903,  xiv.  267;  Peham,  H.,  Monatschr.  f.  Geburt.  u.  Gynak., 
Berlin,  1899,  x.  685;  Ribbert,  H.,  Geschwulstlehre,  Bonn,  1904,  p.  426; 
Pilliet,  A.  H.,  et  Veau,  V.,  Compt.  rend.  Soc.  Mol.,  Paris,  1897,  10  s.,  iv.  64; 
Schmorl,  G.,  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  Jena,  1891,  ix.  523 ;  Srdinko, 
O.,  Bull.  acad.  d.  sc.  Boheme,  1906,  quoted  by  Testut,  Traite  d'anat.  hum., 
Paris,  1923,  iv.  985;  Turnbull,  H.  M.,  vide  Gordon,  A.  K.,  Brit.  Med.  Journ., 
1920,  i.  133;  Weller,  C.  V.,  Am.  Journ.  Med.  Sc.,  Phila.,  1925,  clxix.  696; 
Wilson,  L.  B.,  and  Willis,  B.  C.,  Journ.  Med.  Bes.,  Boston,  1911,  xxiv.  73; 
Zuckerkandl,  E.,  Anat.  Anz.,  Jena,  1901,  xix.  95. 

Early  Views  about  the  Functions  of  the  Adrenals.  Caspar 
Bartholinus  (1585-1629)  in  1611  was  the  first  to  suggest  that  the 
adrenals  had  any  use  more  important  than  that  of  a  support  or  packing 
for  the  stomach  and  nervous  structures  in  their  immediate  neigh¬ 
bourhood.  He  believed  that  a  humour,  which  he  called  ‘atrabilia’, 
was  contained  in  a  cavity  inside  the  adrenals  and  passed  by  com¬ 
municating  channels  to  the  kidneys  and  so  into  the  urine.  The  belief 
in  a  central  cavity  and  excretion  of  black  bile,  w  hich  persisted  for 
two  hundred  years,  was  thus  originated.  Riolan  the  younger 
(1577-1657)  in  1629  regarded  the  adrenals  as  functionally  active  in 
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foetal  life  only ;  this  view,  obviously  based  on  their  relatively  much 
larger  size  in  foetal  than  in  early  post-natal  life,  remained  an  accepted 
belief  for  many  years.  Wharton  (1614-73)  in  1656  suggested  that 
some  humour  imbibed  from  the  spleen  by  the  nerves  common  to 
both  organs  was  deposited  in  the  cavity  inside  the  adrenals  and 
‘  being  not  purely  excrementitious  (though  perhaps  unprofitable  to 
the  nerves)  is  restored  to  the  veins,  as  being  of  some  use  to  the  venal 
blood’.  Francis  Glisson  (1597-1677)  took  much  the  same  view, 
namely,  that  the  adrenals  receive  something  from  the  spleen,  which 
being  refined  is  imbibed  again  from  the  nerves. 

Following  Riolan’s  opinion  that  the  adrenals  were  foetal  organs 
Pierre  Dionis  (ob.  1718),  also  a  professor  of  anatomy  in  Paris  but  not 
a  Galenic  antagonist  of  Harvey  as  Riolan  had  been,  stated  about  the 
beginning  of  the  eighteenth  century  that  the  capsulae  atrabilariae 
functioned  as  kidneys  during  foetal  life  by  means  of  a  duct  opening 
into  the  emulgent  (renal)  vein,  there  being  a  valve  between  the  cavity 
in  the  adrenal  and  the  duct,  and  that  at  birth,  their  activity  ceasing, 
they  underwent  atrophy.  As  late  as  1845  Huschke  accepted  the 
embryonic  importance  and  the  existence  of  a  temporary  duct. 
Another  hypothesis  was  apparently  constructed,  by  combining  that 
of  their  foetal  activity  with  the  cavity  described  by  C.  Bartholinus 
in  1611,  by  P.  P.  Molinetti  (1702-64),  who  stated  that  during  foetal 
life  the  urine  accumulated  in  the  adrenals ;  his  colleague  at  Bologna, 
Pozzi  (1697-1762),  expressed  this  idea  in  1732.  Theophile  de  Bordeu 
(1722-76),  who  has  been  commonly  credited  with  the  first  conception 
of  the  internal  secretions,  put  forward  in  1752  a  somewhat  modified 
version  of  Molinetti’s  view  of  the  adrenal  functions:  in  the  foetus 
they  perhaps  have  two  uses:  (a)  to  separate  from  the  blood,  as  they 
do  in  the  adult,  a  humour,  and  ( b )  to  take  the  place  of  the  kidneys 
or  to  prevent  the  excretion  of  urine  not  only  by  receiving  a  certain 
amount  of  the  blood  which  should  otherwise  go  to  the  kidneys  but 
by  removing  bodies  which  might  damage  the  foetus.  Broussais 
(i 772-1838)  in  1817  adopted  the  view  that  the  adrenals  diverted 
blood  from  the  kidneys  during  foetal  life,  an  hypothesis  like  that  of 
the  4  vascular  shunt  ’  put  forward  about  the  same  time  in  connexion 
with  the  thyroid  and  the  cerebral  circulation  (vide  p.  150). 

Valsalva  (1666-1723)  described  excretory  ducts  (excretorii  ductus 
renum  succenturiatorum)  from  the  adrenals  opening  into  the  epidi¬ 
dymis  and  ovary,  and  was  so  proud  of  this  discovery  that  he  c  entered 
a  public  protest’  which  appeared  in  the  Italian  literary  journals, 
that  no  other  should  claim  it  (vide  Medical  Essays  and  Observations , 
published  by  a  Society  in  Edinburgh,  1747,  ii.  315).  Valsalva  believed, 
therefore,  that  the  adrenals  were  organs  of  generation,  and  tried  to 
support  this  by  removing  the  testis  on  one  side  and  the  kidney  on 
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the  other  in  a  dog  which  after  this  appeared  to  be  wanting  in  sexual 
activity. 

In  1716  the  Academie  des  sciences  of  Bordeaux  offered  a  prize  for 
an  answer  to  the  question  1  Quel  est  l'usage  des  glandes  surrenales  ?  ’ 
Baron  C.  de  Secondat  de  Montesquieu  (1689-1755),  author  of  U Esprit 
des  lois  (1748),  acted  as  the  adjudicator  and,  after  giving  a  critical 
summary  of  the  existing  opinions  and  of  the  essays  sent  in,  decided 
that  the  prize  would  not  be  awarded.  Later  de  Senac  (1693-1770) 
stated  that  the  adrenals  secreted  meconium. 

I  rom  observations  on  animals  J.  F.  Meckel  the  younger  (1781-1835) 
concluded  that  there  was  a  relation  between  the  adrenals  and  the 
sexual  organs,  and  in  1816  A.  W.  Otto  (1786-1845)  drew  attention 
to  hypertrophy  of  the  adrenals  in  association  with  abnormal  size  of 
the  genitals.  Cuvier  (1769-1832)  in  1805  admitted  that  their  function 
was  unknown,  but  anticipated  that  comparative  anatomy  would 
prove  the  key  to  the  real  function  of  the  adrenals,  and  was  inclined 
to  accept  the  view  that  it  was  allied  to  that  of  the  kidneys. 

George  Gulliver  (1804-82)  described  the  histological  appearance  of 
the  adrenals  in  1840,  and  mentioned  the  presence  of  spheroidal  bodies 
both  in  the  adrenals  and  in  the  blood  of  the  adrenal  veins.  He  con¬ 
sidered  that  the  adrenals  ‘  pour  a  peculiar  matter  into  the  blood,  which 
has  doubtless  a  special  use  and  is  still  an  interesting  and  important 
subject  for  further  inquiry  ( vide  p.  19).  From  a  physiological  point 
of  view  Gulliver’s  description  of  spheroidal  bodies  both  in  the  adrenals 
and  their  veins  may  be  regarded  as  in  some  degree  an  anticipation 
of  Vulpian’s  observation  in  1856  that  the  adrenal  medulla  and  the 
blood  in  the  adrenal  veins,  but  nowhere  else  in  the  body,  gave  an 
emerald  green  reaction  with  perchloride  of  iron  and  a  rose  carmine 
colour  with  iodine  ;  Vulpian  considered  that  the  material  giving  this 
reaction  was  connected  with  the  function  of  the  adrenals.  In  1841 
Magendie  (1783-1855),  under  the  heading  of  ‘Organs  the  function  of 
which  is  unknown’,  summarily  dismissed  the  suprarenal  bodies  by 
the  epigrammatical  statement  that  as  nobody  now  believed  in  the 
atra  bilia ,  the  adrenals  had  ceased  to  be  secreting  agents. 

Bartholinus,  C.,  Anatomicae  Institutiones  Corporis  humani,  Wittenberg, 
1611 ;  de  Bordeu,  T.,  Becherches  sur  les  dijferentes  positions  des  glandes  et  sur 
leur  action,  Paris,  1752;  Boyd,  R.,  Med.-Chir.  Trans.,  Lond.,  1841,  xxiv.  187; 
Broussais,  F.  J.  V.,  Mem.  Soc.  med.  d'emulat.  de  Paris,  1817,  viii.  90;  Cuvier, 
G.,  Legons  Tanatomie  comparee,  Paris,  1805,  v.  205;  Dionis,  P.,  Anatomy  of 
Human  Bodies,  translated  from  the  French,  Lond.,  1703,  p.  154;  Gulliver,  G., 
Dublin  Medical  Press,  1840,  iii.  11;  Huschke,  E.,  Traite  de  splanchnologie, 
translated  by  A.  J.  L.  Jourdan,  1845;  Magendie,  F.,  Legons  sur  les  fonctions  et 
les  maladies  du  systeme  nerveux,  Paris,  1841,  i.  14 ;  Meckel,  J.  F.,  Abhandlungen 
aus  der  menschlichen  path.  Anat.,  Leipz.,  1806;  Otto,  A.  W.,  Pathologisch.- 
Anat.  Beobachtungen,  1816,  p.  139;  Pozzi,  J.  H.,  Commerciolum  epistolicum 
D.  Petro  Paulo  Molinelli,  Bologna,  1732;  Riolan,  J.,  (Euvres  anatomiques, 
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Paris,  1629;  Valsalva,  A.  M.,  vide  Phil.  Trans.,  Lond.,  1725,  xxxiii.  190,  also 
Opera,  Venet.,  1740,  published  by  his  pupil  G.  B.  Morgagni;  Vulpian,  A., 
Compt.  rend.  acad.  d.  sc.,  Paris,  1856,  xliii.  665;  Vulpian,  A.,  et  Cloez,  ibid., 
1857,  xlv.  340;  Wharton,  T.,  Adenographia,  Lond.,  1656. 

Physiology  of  the  Adrenals.  The  effective  stimulus  to  the  in¬ 
vestigation  of  their  function  was  Addison's  monograph  on  The  Con¬ 
stitutional  and  Local  Effects  of  Disease  of  the  Supra-Renal  Capsules 
(1855),  an  example  of  the  way  in  which  clinical  medicine  leads  the 
way  to,  and  asks  for  the  help  of,  physiological  research.  As  in  the 
case  of  the  pituitary  and  its  constituent  parts,  the  possible  physiological 
activities  of  the  adrenals  as  a  whole  were  first  investigated,  and  later 
those  of  its  two  parts — the  medulla  and  cortex — were  separately 
brought  under  consideration. 

The  Functional  Significance  of  the  Adrenals  as  a  Whole.  C.  E. 
Brown-Sequard  in  1856  found  that  excision  of  both  adrenals  in 
various  animals  invariably  proved  fatal,  and  therefore  concluded 
that,  as  death  was  not  due  to  damage  to  other  tissues  during  the 
operation,  they  were  indispensable  to  life.  This  conclusion  was  at 
once  challenged  by  Philippeaux,  who  showed  that  rats  survived  the 
operation  ;  Brown-Sequard  suggested  that  the  function  of  the  adrenals 
was  taken  over  by  other  glands ;  Philippeaux  countered  this  by 
removing  the  thyroid  and  the  spleen  in  addition  to  the  adrenals  in 
white  rats  without  a  fatal  result.  Brown-Sequard  replied  by  the 
suggestion  that  in  albino  rats  the  adrenals  were  functionless,  and  in 
1858  concluded  that  the  adrenals  removed  or  destroyed  a  substance 
which  otherwise  formed  pigment,  and  that  adrenalectomy  led  to  an 
accumulation  of  pigment  and  a  toxic  condition  of  the  blood.  George 
Harley  (1829-96),  who  had  worked  with  Philippeaux  in  Flourens’s 
laboratory,  removed  both  the  adrenals  from  white  rats  which 
survived  for  months,  and  in  1858  explained  the  fatalities  reported 
by  Brown-Sequard  by  damage  to  adjacent  parts,  especially  the 
sympathetic.  The  survival  of  white  rats  was  subsequently  explained 
by  the  normal  presence  of  accessory  adrenals  composed  of  cortical 
tissue  (Marchand’s  adrenals)  in  the  space  between  the  testis  and 
epididymis,  in  the  broad  ligament,  and  elsewhere  in  the  abdomen, 
which  are  effective  and  may  undergo  compensatory  hypertrophy 
after  removal  of  the  main  adrenals.  According  to  recent  experiments 
(Graunt,  1933;  Schultze,  1935)  death  follows  double  adrenalectomy 
in  80  per  cent,  of  rats. 

A  number  of  investigators  repeated  experimental  adrenalectomy 
with  somewhat  discordant  results  which  would  now  appear  to  depend 
partly  on  the  technique  and  partly  on  the  presence  or  absence  of 
accessory  adrenals;  the  questions  arose  whether  double  adrenalec¬ 
tomy  proved  fatal  (i)  by  removal  of  all  the  adrenal  tissue  and  loss 
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of  its  function,  or  (ii)  from  trauma  to  the  adjacent  nervous  structures. 
That  the  preservation  of  some  adrenal  tissue  is  necessary  for  life  is 
now  generally  agreed,  but  according  to  Stewart  and  Rogoff  Brown- 
Sequard’s  experimental  data  did  not  justify  that  conclusion  ;  his 
experimental  removal  of  one  adrenal  proved  fatal,  which  does  not 
occur  with  antiseptic  precautions ;  many  of  the  fatalities  in  his  ex¬ 
perimental  animals  must  now  be  ascribed  to  traumatic  shock  or 
sepsis.  In  1862  George  Harley  again  insisted  that  the  adrenals  are 
not  absolutely  necessary  to  life,  their  functions,  among  them  the 
formation  of  red  blood  corpuscles,  being  taken  over  by  other  ductless 
glands,  especially  by  the  thymus. 

After  1863  interest  in  the  subject  died  down  until  in  1879  Noth- 
nagel  (1841-1905)  attempted  by  crushing  the  adrenals  to  produce 
chronic  inflammatory  changes  such  as  were  considered  to  be  respon¬ 
sible  for  Addison’s  disease,  and  others  followed  his  example,  but  the 
results  were  not  convincing.  Tizzoni  in  1889  from  experiments  came 
to  the  conclusion  that  in  some  way  the  adrenals  are  essential  to  life 
as  their  removal  is  followed  sooner  or  later  by  death  ;  but  according  to 
Biedl  all  they  really  showed  was  that  animals  with  even  serious  lesions 
of  the  adrenals  can  survive  without  symptoms  for  long  periods, 
provided  that  these  organs  are  not  completely  destroyed.  Later 
Abelous  and  Langlois  (1892)  and  Langlois  (1897)  in  an  inaugural 
thesis,  dedicated  to  the  memory  of  Brown-Sequard,  upheld  the  con¬ 
ception  of  Brown-Sequard  in  1858  that  the  adrenals  exerted  an 
antitoxic  action.  They  concluded  that  the  adrenals  dealt  with  a 
poison,  resembling  curare,  formed  in  the  body  and  especially  in  the 
muscles.  As  previously  (p.  28)  pointed  out,  this  hypothesis  has 
often  been  put  forward  at  a  comparatively  early  stage  in  the  history 
of  the  several  endocrine  glands  ;  but  probably  the  blood  of  any  animal 
dying  slowly  becomes  toxic,  and  therefore  the  toxicity  of  the  blood 
described  in  adrenalectomized  animals  does  not  prove  that  this  is  due 
to  adrenal  deficiency. 

The  question  whether  or  not  removal  of  one  adrenal  is  followed  by 
hypertrophy  of  the  other  has  given  rise  to  contradictory  results. 

Stilling  (1889)  found  that  in  the  rabbit  destruction  of  one  adrenal 
was  followed  by  compensatory  hyjDertrophy  of  the  other ;  T.  R.  Elliott 
in  1914  confirmed  this  and  pointed  that  the  hypertrophy  was  almost 
entirely  in  the  cortex,  and  Crowe  and  Wislocki  (1914)  obtained  the 
same  result,  the  hypertrophy  being  in  the  zona  fasciculata,  and  the 
medulla  being  unchanged.  Ten  years  later  Boycott  and  Kennaway 
(1924)  stated  that  this  did  not  occur  either  in  the  cortex  or  medulla; 
Elman  and  Rothman  (1924),  however,  confirmed  Crowe  and  Wislocki’s 
results.  The  Mackays  (1926)  showed  that  in  albino  rats  the  enlarge¬ 
ment  was  due  to  increase  of  the  cortex,  due  almost  entirely  to  the  size 
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of  the  cells  ;  this  is  perhaps  remarkable,  for  these  rats  are  known  to  have 
accessory  cortical  adrenals,  the  presence  of  which  might  render  com¬ 
pensatory  hypertrophy  of  the  main  gland  unnecessary.  Kojima  (1929) 
and  Aron  (1935)  also  obtained  hypertrophy  of  the  cortex  after 
unilateral  adrenalectomy.  In  1892  Charlewood  Turner  (1843-1900) 
recorded  a  case  in  which  fibrous  atrophy  of  part  of  one  adrenal  was 
associated  with  enlargement  of  the  other  adrenal  in  a  woman  dying 
with  cardio -renal  disease.  After  experimental  double  adrenalectomy 
no  hypertrophy  of  accessory  adrenal  cortical  tissue  was  detected 
(Elliott  and  Tuckett,  1906). 

The  Adrenal  Medulla.  The  demonstration  in  1894  by  Schafer 
(1850-1935)  and  G.  Oliver  (1841-1915)  of  a  pressor  substance  in  the 
adrenal  medulla  was  a  milestone  in  the  physiology  of  the  adrenals, 
for  it  added  physiological  to  the  embryological  and  anatomical  dis¬ 
tinctions  between  the  cortex  and  the  medulla.  The  rise  of  blood - 
pressure  was  shown  to  be  caused  by  constriction  of  the  arterioles, 
similar  extracts  of  the  cortex  being  quite  inactive.  The  extract  from 
the  medulla  was  found  to  increase  the  tone  of  all  muscular  tissue, 
especially  of  the  cardiovascular  system.  Pellacani  (1874),  Pellacani 
and  Foa,  and  Marino-Zuco  (1888)  had  injected  aqueous  extracts  of 
the  adrenals,  but  had  not  reported  any  rise  of  blood-pressure.  Szymo- 
nowicz  and  Cybulski  (1895)  observed  a  rise  of  blood-pressure  as  the 
result  of  injection  of  extract  of  the  adrenals,  but  ascribed  it  to  a 
vasomotor  influence  and  not  to  a  direct  effect  on  the  vessel  walls  as 
Oliver  and  Schafer  had  done. 

The  chromogen  in  the  medulla,  described  by  Vulpian  in  1856,  and 
the  brown  colour  with  chromic  salts  obtained  by  Henle  (1809-85) 
in  1866  and  in  the  blood  of  the  adrenal  vein  by  Manasse  in  1894 
were  correlated  with  the  pressor  substance  in  1895  by  Benjamin 
Moore  (1867-1922)  working  in  Schafer's  laboratory.  The  granules 
in  the  cells  of  the  adrenal  medulla  and  in  the  outlying  collections  of 
other  cells  in  connexion  with  the  sympathetic  were  therefore  later 
called  chromaffin,  chromophil,  or  phaeochrome  (</>a los  =  dark, 
Xpco/jca  =  colour).  But  recently  the  view  that  the  granules  staining 
with  chromium  salts  are  adrenaline  has  been  contested. 

The  search  for  the  active  pressor  principle  of  the  medulla  was  keenly 
carried  on  at  the  end  of  the  last  and  the  beginning  of  the  present 
century  by  Abel  and  Crawford  (1897),  von  Fiirth  (1898),  and  Abel 
(1898).  In  1901  Jokichi  Takamine  (1854-1922)  and  Aldrich  working 
independently  isolated  adrenaline  in  a  crystalline  form,  and  Aldrich 
gave  C9H13N03  as  the  formula  which  has  been  generally  accepted. 
Adrenaline,  which  is  chemically  laevo-methylamine-ethanol-catechol, 
was  thus  the  first  hormone  to  be  chemically  isolated,  its  structure 
established,  and  to  be  artificially  synthesized  (Stolz,  1904).  It  is 
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produced  in  the  medulla  from  the  amino-acid  tyrosine  and  adrena- 
lone  :  it  is  laevo-  never  dextro-rotatory  ;  it  thus  differs  from  synthetic 
adrenaline,  which  is  racemic  and  optically  inactive,  composed  of  equal 
parts  of  the  laevo-  and  dextro-rotatory  forms  of  adrenaline.  Cushny 
(1866-1926)  in  1908  found  that  the  pressor  effect  of  laevo-rotatory 
was  twice  as  powerful  as  that  of  racemic  adrenaline ;  this  was  con¬ 
firmed  by  Abderhalden  and  Midler  (1908) ;  Cushny  (1909)  showed  that 
laevo-  was  twelve  times  stronger  than  dextro-rotatory  adrenaline. 
Tain  ter  (1930)  estimated  that  the  pressor  effect  of  the  isomeric 
adrenalines  were  as  follows:  laevo-rotatory  20,  racemic  2,  and  dex¬ 
tro-rotatory  1. 

The  amount  of  adrenaline  is  normally  equal  in  the  two  adrenals 
(Elliott,  1912),  less  in  the  infant,  and  much  less  in  the  foetus  than  in 
the  adult  (Moore  and  Purinton,  1900). 

As  the  adrenal  medulla  is  stimulated  to  secrete  adrenaline  by 
impulses  passing  by  the  splanchnics  (T.  R.  Elliott,  1904)  and  as 
adrenaline  stimulates  the  sympathetic,  it  might  be  anticipated  that 
the  adrenal  medulla  would  continue  to  stimulate  itself  until  exhaus¬ 
tion  occurred;  Cramer  (1926)  therefore  argued  that  the  adrenals 
possessed  the  power  of  self-control  and  inhibition.  It  is  not  known 
what  action  adrenaline  exerts  on  the  longitudinal  bundles  of  smooth 
muscular  fibres  in  the  walls  of  the  adrenal  veins ;  these  fibres  have 
been  thought  to  control  the  outflow  of  venous  blood  and  adrenaline 
{vide  p.  314). 

There  has  been  much  discussion  about  the  part  played  by  adrena¬ 
line  secretion  in  physiological  life  and  in  disease  of  the  adrenals. 
The  impressive  demonstration  of  a  pressor  substance  in  the  medulla 
in  1894,  when  little  was  known  about  the  cortex  on  the  one  hand, 
and  the  low  blood-pressure  and  asthenia  in  Addison’s  disease  on  the 
other  hand,  made  the  importance  of  adrenaline  appear  undoubted. 
In  1902  A.  and  H.  Cristiani,  like  Brown-Sequard  in  1856  and  others, 
found  that  in  rats  removal  of  both  adrenals  was  fatal  in  a  few  hours 
and  believed  that  the  medulla  was  essential  to  life.  The  presence  of 
adrenaline  in  the  adrenal  veins  was  established,  and  it  has  been 
estimated  that  the  average  concentration  of  adrenaline  in  the  blood 
is  one  in  two  thousand  millions  (Rogoff,  1935).  The  maintenance  of 
the  normal  blood-pressure  has  been  regarded  as  due  to  the  constant 
secretion  of  a  small  amount  of  adrenaline  into  the  blood-stream  ;  this 
‘tonus’  hypothesis  was  supported  by  Biedl  (1910)  and  by  Stewart. 
W.  B.  Cannon  (1919),  however,  put  forward  the  view  of  the  ‘emer¬ 
gency  ’  function  of  the  adrenal  medulla,  namely  that  its  secretion  was 
not  continuous  but  took  place  in  response  to  emotion,  fear,  anger, 
pain,  dyspnoea,  and  physical  exertion  ;  in  1931,  however,  he  admitted 
that  there  was  not  any  logical  antagonism  between  the  two  hypo- 
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theses.  Burn  (1933)  suggested  that  in  addition  to  the  adrenaline 
poured  out  in  emergencies  to  assist  all  the  defence  mechanisms  the 
adrenaline  circulating  in  the  peaceful  intervals  maintains  a  store  at 
the  nerve  terminations  of  the  sympathetic  to  be  liberated  when  a 
nerve  impulse  arrives  at  that  point,  thus  supplementing  Elliott  s 
conception  in  1904  that  ‘the  sympathetic  axons  cannot  excite  the 
peripheral  tissues  except  in  the  presence,  and  perhaps  through,  the 
agency,  of  adrenaline  or  its  immediate  precursor  .  On  the  other  hand, 
G.  N.  Stewart  (1860-1930)  and  J.  M.  Rogoff  in  a  long  series  of  papers 
from  1917,  minimized  the  physiological  effect  of  adrenaline,  and  in¬ 
sisted  that  the  medulla  does  not  discharge  any  function  essential  for 
life,  maintain  the  normal  blood-pressure,  or  exert  any  pressor  effect 
in  emergencies.  Their  researches  pointed  to  the  vital  importance  of 
the  cortex. 

Injections  of  an  aqueous  extract  of  the  adrenals  was  shown  to 
produce  glycosuria  in  dogs  by  Blum  in  1901  and  in  the  same  year  the 
glycosuria  was  proved  to  be  due  to  adrenaline  (Aldrich ;  Takamine) 
and  to  be  accompanied  by  hyperglycaemia  (Zuelzer),  due  to  mobiliza¬ 
tion  of  the  hepatic  glycogen.  Stimulation  of  the  intact  adrenal 
medulla  causes  hyperglycaemia,  thus  supplying  the  muscles  with 
additional  energy.  Conversely  hypoglycaemia  and  muscular  asthenia 
are  characteristic  of  Addison  s  disease.  Fatal  hypoglycaemia,  imitat¬ 
ing  that  due  to  hyperinsulinism  in  adenoma  of  the  islands  of  Langer- 
hans,  was  associated  with  complete  lymphocytic  infiltration  of  both 
the  adrenal  medullas  in  a  case  reported  by  Rabinovitch  and  Barden 
(1932).  Cramer  (1928)  argued  that  adrenaline,  like  the  secretion  of 
the  thyroid,  stimulates  heat  production  by  accelerating  the  glycogenic 
function  of  the  liver.  Adrenaline  has  been  found  to  have  a  bactericidal 

action  (Gordon  and  Knox,  1934). 

As  ‘adrenalin  (Takamine),  though  in  common  use,  is  a  trade 
name,  others  have  been  suggested,  such  as  epinephrine  (Abel), 
adrenine  (Sharpey-Schafer,  1934),  suprarenin  (von  Fiirth) ;  sphygmo- 
genin,  hemisin,  paraganglin,  and  myosthenin  have  also  been  sug¬ 
gested.  ‘  Adrenaline  ’  is  the  official  name  in  the  British  Pharmacopoeia 
of  1932,  ‘epinephrine’  in  the  United  States  Pharmacopoeia. 

Interactions  with  other  Hormones.  Insulin  and  adrenaline  have 
antagonistic  actions  as  regards  the  sugar  content  of  the  blood. 
Adrenaline  secretion  is  diminished  and  its  action  impaired  by  the 
injection  of  vagotonine — another  active  principle  obtained  from  the 
pancreas  which,  freed  from  insulin,  produces  a  slow  and  prolonged 
fall  of  blood-pressure  (Abrami,  Santenoise,  and  Bernal,  1933). 

Adrenal  Cortex.  Knowledge  about  the  function  of  the  cortex 
was  obtained  later  than  that  of  the  medulla,  and  the  results  of 
research  were  at  first  negative;  for  example,  in  1908  Schafer  and 
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Herring  stated  that  the  cortex  did  not  produce  any  physiological 
effect.  Removal  of  the  cortex  alone  is  not  possible,  but  destruction 
of  the  medulla,  the  cortex  remaining  intact,  has  been  carried  out 
without  causing  death.  That  the  cortex  as  a  whole  is  essential  to 
life,  whereas  the  medulla  is  not,  has  now  been  established. 

Biedl  (1910)  stated  that  in  1899  when  working  at  Naples  he  found 
that  complete  removal  of  the  inter-renal  body  in  skates  and  rays,  the 
medulla  being  left,  proved  fatal.  Swale  Vincent  (1917)  confirmed  this, 
and  Stewart  and  Rogoff  in  a  long  series  of  researches  (1917-30)  reached 
the  same  conclusion  and  prolonged  the  life  of  adrenalectomized 
animals  by  an  extract  of  the  cortex  (inter-renalin).  Swingle  and 
Pfiffner’s  cortical  hormone  (eschatin)  has  also  been  shown  to  have  the 
same  effect.  Houssay  and  Lewis  (1923)  brought  forward  evidence  of 
the  vital  importance  of  the  cortex.  Wislocki  and  Crowe  ( 1924)  removed 
the  whole  of  the  medulla  and  the  abdominal  sympathetic  from  dogs 
without  fatal  results,  whereas  complete  removal  of  the  cortex  was 
followed  by  a  fall  of  temperature  and  blood-pressure  and  death ;  one- 
fifth  of  the  cortex  was  sufficient  to  maintain  life.  Vincent  and  Thomp¬ 
son  (1928)  described  a  substance  (‘pneumin  )  in  the  cortex  which  was 
regarded  as  essential  for  respiration ;  Florey,  Szent-Gyorgyi,  and 
Florey  (1929)  were  unable  to  confirm  this. 

As  in  the  case  of  the  anterior  pituitary  the  functions  of  the  adrenal 
cortex  have  been  stated  to  be  numerous.  But  evidence  has  not  been 
forthcoming  for  the  suggestion,  made  by  Marrassini  (1906),  that  the 
cells  of  the  three  zones  secrete  different  principles  to  correspond  with 
separate  physiological  activities.  A  broad  view  that  its  secretion 
is  concerned  with  all  the  tissues  of  the  body  and  essential  to  cellular 
activity  was  put  forward  by  Hartman,  Brownell,  and  Lockwood 
(1932),  and  was  accepted  by  Kendall  (1934)  who  considered  that  it 
was  compatible  with  Koelsche’s  hypothesis  that  it  controls  protein 
metabolism.  Some  of  the  various  hypotheses  about  the  physiology 
of  the  cortex  will  now  be  mentioned. 

(i)  That  it  exerts  an  antitoxic  influence  neutralizing  poisons  pro¬ 
duced  elsewhere  in  the  body ;  this  is  a  continuation  of  the  view 
originally  held  by  Brown-Sequard  in  1856  that  the  suprarenals  as 
a  whole  removed  a  body  which  gives  rise  to  pigment  and  that  after 
adrenalectomy  the  blood  became  toxic ;  this  antitoxic  influence  of 
the  adrenals  was  revived  and  further  developed  by  Abelous  and  Lang- 
lois  (1892).  That  the  cortex  may  have  antidotal  power  was  suggested 
by  W.  Myers  (1872-1901) ;  in  1898  he  showed  that  cobra  poison  after 
mixture  with  an  emulsion  of  the  cortex  of  guinea-pigs  was  no  longer 
toxic,  emulsions  made  from  the  adrenal  medulla  and  other  organs 
being  uniformly  negative.  Aubertin  and  Ambard  (1904)  regarded 
the  presence  of  adenomas  in  the  cortex  as  evidence  of  an  attempt  to 
neutralize  the  poisons  responsible  for  high  blood-pressure.  J.  T.  Lewis 
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(1923)  stated  that  after  double  adrenalectomy  albino  rats  are  more 
sensitive  to  morphine,  curare,  cobra  venom,  codeine,  and  diphtheria 
toxin ;  as  splenectomy,  removal  of  one  adrenal,  and  surgical  trauma 
of  the  tissues  in  the  neighbourhood  of  the  adrenals  did  not  have 
this  effect,  it  was  concluded  that  double  adrenalectomy  was  the 
specific  cause  of  this  hypersensitiveness,  and  that  surgical  shock 
was  not  responsible.  Cortin  has  been  found  to  protect  guinea-pigs 
against  anaphylactic  shock  (Wolfram  and  Zwemer,  1935).  According 
to  Perla  and  Marmorston  (1933)  adrenalectomy  reduces  resistance 
to  bacterial  infection  and  toxaemia.  It  has  also  been  found  that 
diminished  resistance  to  histamine  followed  adrenalectomy  and  that 
this  diminution,  which  was  twice  as  marked  as  after  hypophysectomy, 
could  be  obviated  by  the  administration  of  the  cortical  hormone 
(Perla  and  Rosen,  1935).  This  hypersensitization  has  been  denied 
with  regard  to  tetanus  toxin  (Rogoff  and  Ecker,  1927)  and  morphine 
(Rogoff  and  de  Necker,  1925).  In  dogs  double  adrenalectomy  was 
found  by  Banting  and  Lewis  (1926)  to  be  followed  by  toxaemia, 
enlarged  glands,  and  nephrosis,  but  life  was  prolonged  by  the  in¬ 
jection  of  extract  of  the  adrenal  cortex.  The  diminished  resistance  of 
adrenalectomized  animals  has  been  ascribed  to  a  fall  in  the  antibodies 
due  to  disturbance  of  the  water  exchanges,  for  injection  of  the  cortical 
hormone  raised  the  animals’  resistance  (Perla  and  Marmorston,  1932). 

(ii)  The  hypothesis  that  the  cortex  plays  an  essential  part  in  the 
early  stages  of  the  formation  of  adrenaline  was  mentioned  by  Schafer 
and  Herring  in  1908.  Relying  on  the  histochemical  method  of  stain¬ 
ing  adrenaline  granules  with  osmic  acid,  Cramer  (1918)  argued  that 
the  cortex  recharges  the  medulla  with  adrenaline  or  its  precursor 
after  the  medulla  has  discharged  its  adrenaline  into  the  circulation. 
There  is  very  little  evidence  that  the  cortex  exerts  a  pressor  influence. 
In  1913  Voegtlin  and  Macht  stated  that  a  chloroform  extract  of  the 
dried  cortex  contained  a  new  vasoconstrictor  principle  which  they 
isolated  in  crystalline  form. 

In  Addison’s  disease  the  cortical  hormone  does  not  raise  the  blood- 
pressure  (Simpson,  1932).  Freeman,  Linder,  and  Jenkins  (1933),  how¬ 
ever,  reported  that  a  glycerine  extract  of  the  cortex  by  the  mouth 
raised  the  blood-pressure  in  a  schizophrenic  patient. 

The  intraperitoneal  injection  of  an  extract  of  the  adrenal  cortex, 
which  was  free  from  protein  and  practically  from  adrenaline,  increased 
the  energy  of  dogs  up  to  90  per  cent,  of  the  normal,  this  effect  lasting 
for  ten  to  fifteen  days  (Eagle,  Britton,  and  Kline,  1932). 

(iii)  Chauffard,  Laroche,  and  Grigaut  (1911  and  1912)  agued  that 
the  adrenal  cortex  manufactured  cholesterol,  and  Maranon  and 
Collazo  (1935)  concluded  that  the  cortical  hormone  mobilizes  chole¬ 
sterol  and  raises  the  cholesterol  content  of  the  blood,  increased  activity 
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of  the  cortex  leading  to  hypercholesterolaemia  and  cortical  inadequacy 
to  hypocholesterolaemia.  Aschoff,  Landau  (1913),  Rothschild  (1914), 
and  McNee  (1914)  stated  that  cholesterol  is  merely  deposited  and 
stored  in  the  cortex  whenever  the  blood  contains  an  excess. 

(iv)  Carbohydrate  Metabolism.  The  cortex  has  been  thought  to 
be  intimately  concerned,  along  with  the  anterior  pituitary  and  the 
pancreas,  in  the  control  of  carbohydrate  metabolism  (Houssay  and 
Biosolli,  1931).  This  is  based  on  experimental  and  clinical  data.  In 
adrenalectomized  animals  the  blood- sugar  was  found  to  be  lowered, 
and  the  convulsions  to  have  been  those  of  hypoglycaemia.  The 
blood-sugar  returned  to  normal  after  injection  of  a  potent  cortical 
extract  (Silvette  and  Britton,  1932).  Storage  and  utilization  of 
carbohydrates  have  been  stated  to  be  the  chief  activity  of  the  cortex 
(Britton,  1930;  Silvette  and  Britton,  1934).  Swingle  and  Pfiffner 
insist  that  the  only  function  of  the  adrenal  cortex  is  the  control  of 
the  volume  of  the  circulating  blood,  and  oppose  the  view  that  it  plays 
a  part  in  carbohydrate  metabolism. 

Clinically  the  blood-sugar  in  adrenal  inadequacy  is  often  low, 

whereas  adrenal  hyperplasia  and  neoplasms  are  frequently  ac¬ 
companied  by  hyperglycaemia  and  glycosuria. 

(v)  It  has  been  thought  that  the  adrenal  cortex  controls  or  inhibits 
the  activity  of  the  thyroid ;  Marine  and  Baumann  (1921)  found  that 
partial  destruction  of  the  cortex  in  rabbits  with  intact  thyroids, 
but  not  in  thyroidectomized  rabbits,  was  followed  by  a  raised  tem¬ 
perature,  and  concluded  that  the  adrenal  cortex  secretes  a  hormone 
which  controls  the  activity  of  the  thyroid.  Koelsche  (1934)  found 
that  experimentally  the  adrenal  hormone  antagonizes  the  stimulating 
effect  of  thyroxine  on  protein  metabolism.  Weinstein  and  Marlow 
(1933)  showed  that,  contrary  to  Shapiro  and  Marine  (1921),  the 
administration  of  adrenal  cortex  did  not  have  any  beneficial  influence 
on  hyperthyroidism. 

(vi)  That  the  cortex  is  intimately  connected  with  the  development 
of  the  gonads  and  secondary  sex  characters.  The  clinical  evidence 
for  this  is  that  adenomas  or  hypernephromas  of  the  cortex  exaggerate 
the  secondary  sex- characters  in  the  direction  of  virilism.  This  was 
first  shown  by  Bulloch  and  Sequeira’s  collection  of  10  cases  (2  in 
males  and  8  in  females)  all  with  this  precocious  development  in 
association  with  a  suprarenal  tumour  which,  in  some  of  the  cases 
at  any  rate,  was  derived  from  the  cortex.  This  observation  made  in 
1905  has  been  amply  confirmed  since.  The  embryological  develop¬ 
ment  of  the  cortex  from  the  close  neighbourhood  of  the  gonads 
renders  some  association  of  the  cortex  with  sexual  development  and 
somatic  growth  an  attractive  hypothesis. 
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In  1933  Broster  and  Vines  found  that  in  foetal  life  there  is  normally 
present  a  vivid  red  reaction  with  ponceau  fuchsin  in  the  cells  of  the 
cortex  ;  it  is  more  prominent  and  lasts  longer  in  male  foetuses  than  in 
female  foetuses,  and  would  appear  to  be  correlated  with  a  masculiniz¬ 
ing  influence.  Further,  in  cases  of  virilism  this  fuchsinophil  reaction  is 
present  in  the  adrenal  cortex  though  the  cortex  was  macroscopically 
normal,  in  adrenal  hyperplasia,  and  tumours  ;  but  it  is  not  present,  or 
only  very  scantily,  in  normal  persons  or  in  cases  of  adrenal  hyper¬ 
plasia  or  tumours  without  virilism.  These  observations  support  the 
view  that  the  adrenal  cortex  is  intimately  connected  with  the  gonads. 

Injection  of  cortical  extract  has  been  stated  to  bring  on  precocious 
puberty  in  young  white  rats  (Britton  and  Corey,  1931).  Swingle  and 
Pfiffner  (1932),  however,  contested  this  hypothesis. 

(vii)  Antiscorbutic  Action.  As  shown  by  rapid  blackening  when 
exposed  to  a  weak  solution  of  silver  nitrate,  the  cortex  contains  a 
large  amount  of  ascorbic  acid  which  is  probably  merely  stored  there 
(Szent-Gyorgyi,  1928,  1932).  It  is  the  same  as  hexuronic  acid 
(C6H806)  and  has  been  stated  to  be  three  times  more  powerful  than 
fresh  orange  juice  and  to  be  the  same  as  vitamin  C.  It  also  inhibits 
the  formation  of  pigment.  It  is  rapidly  destroyed  by  exposure  to  the 
air.  The  presence  of  ascorbic  acid  in  the  cortex  was  confirmed  by 
Harris  and  Ray  (1932),  Waugh  and  King  (1932),  and  Giroud  and 
Leblond  (1934). 

Synthetic  ascorbic  acid  has  been  used  with  success  for  infantile 
scurvy  (Svensgaard,  1934)  and  coeliac  disease  (Sheldon,  1935).  Ac¬ 
cording  to  Edna  Harde  (1934)  ascorbic  acid  exerts  a  protective  action 
against  infections  and  intoxications. 

(viii)  Blood  Volume  and  Composition.  Swingle  and  Pfiffner  argued 
that  the  cortex  maintains  the  volume  of  the  circulating  blood  and  that 
in  adrenalectomized  animals  death  is  due  to  shock.  After  adrena¬ 
lectomy  the  sodium,  and  to  a  less  extent  the  chlorine,  content  of  the 
blood  fall,  but  are  restored  to  normal  by  the  cortical  extract.  Loeb 
and  his  co-workers  (1933)  regarded  control  of  sodium  concentration 
and  the  renal  excretion  of  sodium  salts  to  be  vested  in  the  adrenals  ; 
this  was  also  the  conclusion  reached  from  experimental  adrenalec¬ 
tomy  by  Harrop  and  Weinstein  (1933),  who  definitely  ascribed  this 
function  to  the  adrenal  cortex.  Loeb  and  his  co-workers  (1933) 
found  that  sodium  concentration  was  the  important  factor  and  that 
salts  of  sodium  other  than  the  chloride  would  remedy  the  symptoms  of 
experimental  adrenalectomy.  Harrop,  Softer,  Nicholson,  and  Strauss 
(1935)  showed  that  adrenalectomized  adult  male  dogs  could  be  kept 
in  an  apparently  normal  condition  for  long  periods  without  any 
adrenal  treatment  by  a  sufficient  administration  of  sodium  chloride 
and  sodium  bicarbonate.  The  cortex,  by  controlling  the  metabolism 
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of  sodium,  resembles  the  thyroid  in  relation  to  iodine  and  the  para¬ 
thyroid  in  relation  to  calcium. 

Cortin  in  a  crystalline  form  with  the  formula  C20H30O5  was  isolated 
in  1934  by  Kendall  and  his  co-workers  at  the  Mayo  Clinic  after  three 
years’  investigation. 

Swingle  and  Pfiffner's  cortical  hormone  is  active  when  taken  by 
the  mouth,  but  much  less  so  than  when  administered  by  injection; 
the  later  method  is  stated  to  be  twelve  (Swingle  and  Vars,  1934)  or 
five  times  more  effective  (Grollman  and  Firol,  1934).  Britton  (1932) 
found  intraperitoneal  injection  five  times  more  effective  than  oral 
administration.  Injection  in  large  doses  of  Swingle  and  Pfiffner’s 
cortical  hormone  does  not  produce  any  toxic  symptoms  or  changes 
in  the  blood  in  normal  animals. 

(ix)  Cortilactin.  The  cortex  has  been  thought  to  contain  an  active 
principle  stimulating  mammary  secretion,  called  cortilactin  (Brownell, 
Lockwood,  and  Hartman,  1933).  The  reason  for  this  belief  is  that 
whereas  adrenalectomized  dogs,  when  kept  alive  by  Swingle  and 
Pfiffner’s  cortical  hormone,  are  able  to  suckle  their  young,  adrenalec¬ 
tomized  rats  similarly  kept  alive  by  Hartman’s  cortin  cannot  do  so ; 
Hartman  attributed  this  to  removal  of  an  active  principle  by  his 
process  of  preparation. 

Interrelations.  That  the  gonads  which  are  so  closely  related  em- 
bryologically  have  also  functional  relations  is  shown  by  the  precocious 
sexual  development  and  masculinization  shown  in  some  cases  of 
tumours  of  the  adrenal  cortex.  H.  Zondek  (1933)  spoke  of  the  cortical 
hormone  as  the  hetero-sexual  hormone  with  reference  to  its  virilizing 
change  in  women  with  tumours  of  the  adrenal  cortex.  The  cortex  is 
enlarged  during  pregnancy,  at  the  menopause,  and  after  castration, 
and  the  histological  resemblance  between  the  cells  of  the  adrenal 
cortex  and  the  lutein  cells  of  the  ovary  (Mulon,  1896),  are  compatible 
with  a  functional  relation  between  these  organs. 

The  relation  between  the  anterior  lobe  of  the  pituitary  and  the 
adrenal  cortex  is  quite  definite.  The  anterior  pituitary  provides  an 
adrenotropic  hormone  which  in  excess  causes  hyperplasia  of  the  cortex 
{vide  p.  64) ;  destruction  or  removal  of  the  anterior  pituitary  is 
followed  by  atrophy  of  the  zona  fasciculata  and  zona  reticularis ; 
the  zona  glomerulosa  and  the  medulla  are  not  affected.  Conversely, 
destruction  of  the  adrenal  cortex  has  been  followed  by  an  increase  in 
the  number  of  basophil  cells  in  the  pituitary  (Moehlig  and  Bates, 
1933). 

The  cortex  has  been  thought  to  control  and  inhibit  the  activity 
of  the  thyroid;  for  example,  insufficiency  of  the  cortex  has  been 
regarded  as  a  possible  cause  of  toxic  goitre  (Marine  and  Baumann, 
1922) ;  benefit  has  been  reported  from  the  administration  of  adrenal 
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cortex  in  that  disease  (Shapiro  and  Marine,  1921).  Experimental 
adrenalectomy  has  been  followed  by  thyroid  hyperplasia  and  diminu¬ 
tion  in  the  amount  of  colloid.  Injection  of  thyroid  extract  has  pro¬ 
duced  hyperplasia  of  the  cortex. 

The  adrenals  and  the  thymus  have  often  been  stated  to  be  inter¬ 
related.  The  adrenals  have  been  reported  to  be  hypoplastic  in  status 
thymico-lymphaticus ;  but  according  to  Hedinger  (1908)  in  status 
thymicus  the  adrenal  cortex  is  hyperplastic  and  the  medulla  normal ; 
whereas  in  status  lymphaticus  the  cortex  is  little  changed,  but  the 
medulla  is  degenerated  or  atrophied.  Hypoplasia  of  the  chromaffin 
system  was  found  in  status  lymphaticus  by  Wiesel  (1911).  It  has 
also  been  stated  that  inadequacy  of  the  cortex  and  adrenalectomy 
prevent  involution  and  cause  hyperplasia  of  the  thymus  (Marine, 
1926),  and  that  thymectomy  is  followed  by  hyperplasia  of  the  adrenal 
cortex. 

Adrenalectomy  in  rats  has  produced  degeneration  of  the  seminal 
tubules  in  the  testes,  suppression  of  sexual  activity  and  of  oestrus. 
Clinically  somewhat  similar  manifestations  occur  in  Addison’s  disease. 
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Path.  Soc.  Lond.,  1898,  xlix.  368;  Nothnagel,  H.,  Ztschr.  f.  klin.  Med.,  Berlin, 
1879,  i.  77 ;  Oliver,  G.,  and  Schafer,  A.  E.,  Proc.  Physiol.  Soc.,  p.  1,  ix,  Journ. 
Physiol.,  1894,  xvii;  idem,  Journ.  Physiol.,  Lond.,  1895,  xviii.  230;  Pellacani, 
Arch,  per  le  sc.  med.,  Torino,  1874,  iii,  quoted  by  Oliver  and  Schafer,  1895; 
Perla,  D.,  and  Marmorston,  J.,  Arch.  Path.,  Chicago,  1933,  xvi.  378;  Perla, 
D.,  and  Rosen,  S.  H.,  ibid.,  1935,  xx.  222 ;  Philippeaux,  Compt.  rend.  Acad.  d. 
sc.,  Paris,  1857,  xliv.  396;  idem,  Union  med.,  1857,  xi.  4;  Rabinovitch,  J., 
and  Barden,  F.  W.,  Am.  Journ.  Med.  Sc.,  Phila.,  1932,  clxxxiv.  494;  Rogoff, 

J.  M.,  Endokrinol.,  Leipz.,  1929,  v.  256;  idem,  Journ.  Am.  Med.  Assoc., 
Chicago,  1935,  civ.  2088;  Rogoff,  J.  M.,  and  Ecker,  E.  E.,  Am.  Journ. 
Physiol.,  Boston,  1927,  lxxx.  200;  Rogoff,  J.  M.,  and  de  Nector,  J.,  Journ. 
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Pharm.  and  Exper.  Therap.,  1925,  xxvi.  243;  Rogoff,  J.  M.,  and  Stewart, 
G.  N.,  Am.  Journ.  Physiol .,  Boston,  1926,  lxxviii.  683;  Rothschild,  M.  A., 
Proc.  New  York  Path.  Soc.,  1914,  n.s.,  xiv.  159 ;  Schafer,  E.  A.,  and  Herring, 
P.  T.,  Phil.  Trans.,  Lond.,  B,  1908,  cxcix.  27;  Schultze,  P.,  Journ.  Physiol., 
Loud.,  1935,  lxxxiv.  70;  Shapiro,  S.,  Endocrinol.,  Los  Angeles,  1924,  viii.  666; 
Shapiro,  S.,  and  Marine,  D.,  ibid.,  1921,  v.  699;  Sheldon,  W.,  Lancet,  1935, 
i.  701 ;  Silvette,  H.,  and  Britton,  S.  W.,  Am.  Journ.  Physiol.,  Boston,  1932, 
c.  701 ;  idem,  ibid.,  1934,  cvii.  190;  Simpson,  S.  L.,  Quart.  Journ.  Med.,  Oxford, 
1932,  n.s.,  i.  99;  Stewart,  G.  N.,  and  Rogoff,  J.  M.,  Am.  Journ.  Physiol., 
Boston,  1930,  xci.  254;  Stilling,  H.,  Virchows  Arch.,  1889,  cxviii.  569;  Stolz, 
F.,  Ber.  deutsch.  chem.  Gesellsch.,  Berlin,  1904,  xxxvii.  4149;  Svensgaard,  E., 
Lancet,  1934,  i.  22 ;  Swingle,  W.  W.,  and  Pfiffner,  J.  J.,  Medicine,  Baltimore, 
1932,  xi.  371-433;  Swingle,  W.  W.,  and  Vars,  H.  M.,  Journ.  Biol.  Chem., 
Baltimore,  1934,  civ.  70;  Szent-Gyorgi,  A.,  Biochem.  Journ.,  Cambridge, 
1928,  xxii.  1387;  idem,  Nature,  Lond.,  1932,  cxx.  243;  Szymonowicz,  W.,  und 
Cybulski,  N.,  Centralbl.  f.  Physiol.,  Leipz.  u.  Wien,  1895,  ix.  171;  Tainter, 
M.  L.,  Journ.  Pharmacol,  and  Therap.,  1930,  xl.  43;  Takamine,  J.,  Am.  Journ. 
Pharmac.,  Phila.,  1901,  lxxiii.  528;  Tizzoni,  G.,  Beitr.  z.  path.  Anat.  u.  z.  ally. 
Path.,  Jena,  1889,  v.  3  ;  Turner,  F.  C.,  Trans.  Path.  Soc.  Lond.,  1892,  xliii.  146 ; 
Vincent,  S.,  and  Thompson,  J.  H.,  Endokrinol.,  Leipz.,  1928,  v.  335;  Voegt- 
lin,  C.,  and  Macht,  D.  I.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1913,  lxi.  2136; 
Vulpian,  A.,  Cornpt.  rend.  Acad.  d.  sc.,  Paris,  1856,  xliii.  663;  Waugh,  W.  A., 
and  King,  C.  G.,  Journ.  Biol.  Chem.,  Baltimore,  1932,  xcvii.  325;  Weinstein, 
A.,  and  Marlow,  A.,  Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1933,  lii.  408; 
Wiesel,  J.,  Ergebn.  d.  ally.  Path.  u.  path.  Anat.,  1911,  xv.  416;  Wolfram,  J., 
and  Zwemer,  R.  L.,  Journ.  Exper.  Med.,  N.Y.,  1935,  lxi.  9;  Zuelzer,  Berlin, 
klin.  Wchnschr.,  1901,  xxxviii.  1209. 

Some  Therapeutic  Applications.  Adrenaline  has  been  much 
used  to  render  areas,  such  as  the  conjunctiva,  anaemic,  and  to  control 
haemorrhage ;  when  bleeding  is  thought  to  come  from  ulcerated 
varicose  veins  at  the  lower  end  of  the  oesophagus  adrenaline  may  be 
given  by  the  mouth.  Hypodermic  injection  of  adrenaline  should  be 
given  to  render  an  area  anaemic,  but  it  should  not  be  thus  adminis¬ 
tered  in  order  to  control  haemorrhage  from  other  parts  of  the  body, 
for  example  the  lungs  or  gastro-intestinal  tract,  as  by  raising  the 
arterial  blood-pressure  the  contrary  effect  might  be  produced. 

Adrenaline  has  been  extensively  employed  to  relieve  the  spasm  of 
asthma  since  Kaplan  (1905)  recommended  its  hypodermic  injection. 
It  may  be  repeated  so  constantly  that  it  becomes  a  habit,  of  which 
Patterson  (1935)  collected  some  remarkable  examples.  As  the  in¬ 
jection  of  adrenaline  into  rabbits  has  been  found  to  give  rise  to  arterial 
degeneration  in  animals,  it  is  interesting  to  inquire  if  there  is  any 
evidence  that  often  repeated  medicinal  injections  for  asthma  have 
this  effect;  Brooks  and  Kaplan  (1908)  reported  a  case  of  a  woman, 
who  in  three  years  had  had  2,000  injections  of  10  to  120  minims  of 
a  1  in  1,000  solution  of  adrenaline,  whose  arteries  were  found  to  have 
nodular  subendothelial  thickenings  and  focal  necroses  similar  to  those 
produced  experimentally.  But  many  patients  have  not  shown  any 
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clinical  ill-effects.  Adrenaline  is  much  used  to  combat  or  prevent 
anaphylactic  shock. 

Brooks  and  Kaplan,  Arch.  Int.  Med.,  Chicago,  1908,  i.  329;  Kaplan,  Med. 
News,  Phila.,  1905,  lxxxvi.  871 ;  Patterson,  S.  W.,  Brit.  Med.  Journ.,  1935,  ii. 
442. 


DISEASES  OF  THE  ADRENAL  GLANDS 

The  diseases  of  the  adrenal  glands  will  be  considered  in  the  follow¬ 
ing  order  : 

Addison’s  disease,  adrenal  insufficiency  (p.  358),  hyperadrenalism 
(p.  360),  the  adreno-cortical  syndrome  (p.  361 ),  tumours  (p.  371 ), 
and  other  morbid  conditions  (p.  382). 

Addison’s  Disease 

Disease  of  the  adrenals  did  not  attract  any  real  attention  until  in 
1855  Thomas  Addison  (1793-1860)  fully  described  the  disease  named 
after  him.  Maranon  (1922)  retrospectively  diagnosed  as  Addison’s 
disease  the  illness  of  a  priest  in  1554-7,  described  in  the  Historia 
primitiva  y  exacta  del  Monasterio  del  Escorial.  Aran’s  case,  recorded  in 
1846  as  a  tuberculous  abscess  of  the  pancreas,  was  recognized  as  an 
undoubted  case  of  Addison’s  disease  by  Wilks  (1877). 

In  searching  for  the  cause  of  pernicious  anaemia  Addison‘  stumbled’, 
as  he  said,  on  the  bronzed  disease.  On  March  15,  1849,  at  a  meeting 
of  the  now  long  extinct  South  London  Medical  Society  he  read  a 
paper,  at  the  request  of  the  president — John  Hilton  (1804-78), 
author  of  the  surgical  classic  Rest  and  Pain  (1863) — entitled  ‘On 
Anaemia:  Disease  of  the  Suprarenal  Capsules’.  In  it  he  described 
the  clinical  features  of  idiopathic  anaemia,  in  which  he  was  primarily 
interested,  and  stated  that  in  the  3  cases  coming  to  necropsy  the 
suprarenals  were  diseased,  and  in  2  of  them  were  the  only  lesions  in 
the  body ;  with  much  caution  he  said  that  the  suprarenals  ‘  may  be 
either  directly  or  indirectly  concerned  with  sanguinification '  and  that 
the  anaemia  and  suprarenal  changes  were  not  a  mere  coincidence.  It 
is  hardly  surprising  that  this  paper  did  not  attract  attention  to  the 
discovery  of  a  newr  disease,  for  its  title,  contents,  and  the  discussion 
at  the  meeting  all  centred  on  the  causation  of  idiopathic  anaemia. 
In  April  1854  George  Burrows  (1801-87)  observed  a  case  with 
necropsy  at  St.  Bartholomew’s  Hospital,  but  the  record  was  not 
published  until  1907  by  G.  A.  Gibson  (1854-1913)  in  an  address  at 
Guy's  Hospital.  After  waiting  six  years,  and  probably  urged, 
certainly  assisted,  by  his  junior  colleague  Samuel  Wilks  (1824-1911), 
Addison  brought  out  his  finely  illustrated  monograph  of  39  pages 
On  the  Constitutional  and  Local  Effects  of  Disease  of  the  Supra-Renal 
Capsules  (1855). 


THOMAS  ADDISON,  M.D.,  F.R.C.P. 
(1795-1860) 


THOMAS  ADDISON 


333 


The  specimen  of  the  suprarenals  from  the  first  case  in  which  any 
connexion  between  pigmentation  of  the  skin  and  disease  of  the  supra¬ 
renals  was  thought  to  exist,  is  in  the  museum  of  Guy’s  Hospital ;  it 
was  exhibited  among  the  historical,  or  what  may  be  called  ‘type’, 
specimens  at  the  celebration  of  the  Jubilee  of  the  old  Pathological 


on  nth 


Fig.  6.  Title-page  of  Addison’s  monograph. 


Society  of  London  on  October  20,  1896.  Of  Addison’s  11  cases  5 
showed  bilateral  tuberculosis  ;  1  (No.  9)  unilateral  tuberculosis  or  pos¬ 
sibly  a  growth  secondary  to  a  uveal  melanoma ;  3  of  secondary 
metastatic  carcinoma,  bilateral  in  1,  unilateral  in  2  ;  1  a  secondary 
carcinomatous  nodule  blocking  the  right  suprarenal  vein,  with  a 
haemorrhage  into  that  gland  but  no  growth  in  either ;  and  1  case 
(No.  4)  apparently  of  atrophy  and  fibrosis.  One  of  the  cases  (No.  5) 
was  that  recorded  by  Richard  Bright  (1789-1858)  in  1831  as  ‘Serous 
effusion  under  the  arachnoid  and  into  the  ventricles  in  a  case  of 
emaciation  with  vomiting  and  diseased  renal  capsules  . 

Thomas  Addison  came  of  a  yeoman  family  for  centuries  settled  at 
Lanercost,  Cumberland,  where  he  was  eventually  buried  in  1860.  He 
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was  bom  in  April  1795  at  Long  Benton  near  Newcastle-on-Tyne  as 
the  younger  son  of  Joseph  Addison,  a  grocer.  Intended  by  his  father 
for  the  law  he  received  a  sound  classical  education  at  the  Newcastle 
Grammar  School,  and  in  1812  became  a  medical  student  at  Edinburgh, 
graduating  M.D.  on  August  1,  1815,  with  a  thesis  De  Syphilide  et  Hy- 
drargyro.  Then  coming  to  London  he  lodged  in  one  of  the  ‘haunted5 
houses  in  Skinner  Street,  Snow  Hill,  and  was  for  a  time  house-surgeon 
at  the  Lock  Hospital,  and  in  1819,  when  living  in  Hatton  Garden,  he 
succeeded  Richard  Bright  ( 1 7 89-1858),  who  had  been  appointed  in  1817, 
as  physician  to  the  Carey  Street  Dispensary  where  Robert  Willan 
(1757—1812),  a  Quaker  and  the  founder  of  British  dermatology,  and 
his  faithful  disciple  Thomas  Bateman  (1778-1821)  had  worked.  Bate¬ 
man  had  been  in  bad  health  for  some  time  before  he  resigned  from 
the  Public  Dispensary  in  the  summer  of  1819;  Addison  therefore 
could  not  have  been  his  colleague  for  more  than  a  few  months,  though 
he  may  previously  have  been  his  pupil.  However  this  may  have  been, 
Addison  became  extremely  expert  in  dermatology,  but  was  so  anxious 
to  avoid  the  reputation  of  a  specialist  that  it  was  not  until  much  later 
in  his  professional  life  that  he  published  descriptions  of  vitiligoidea 
tuberosa  (the  nodular  form  of  xanthoma)  with  W.  W.  Gull  in  1851, 
giving  the  first  account  of  xanthoma  diabeticorum,  and  of  Addison’s 
keloid  (morphoea,  localized  sclerodermia)  in  1869. 

In  December  1819  Addison  became  a  licentiate  of  the  Royal  College 
of  Physicians  of  London,  but  was  not  elected  a  fellow  until  July  4, 
1838.  He  entered  Guy’s  Hospital  as  a  pupil  about  1820,  and  in  1824 — 
another  example  of  the  discerning  influence  of  the  treasurer  Ben¬ 
jamin  Harrison  (1771-1856) — was  elected  assistant  physician.  About 
this  time  he  made  between  £700  and  £800  a  year  by  lecturing  on 
materia  medica  at  Grainger’s  School  of  Medicine  (1819-42),  Webb 
Street,  near  the  hospital,  where  John  Armstrong  (1784-1829)  was 
attracting  very  large  classes  by  his  lectures  on  medicine.  In  1837  he 
became  full  physician  and  joint  lecturer  with  Richard  Bright  on 
medicine,  the  association  of  these  two  being  contemporaneous  with 
that  of  R.  J.  Graves  (1796-1853)  and  William  Stokes  (1804-78)  at 
the  Meath  Hospital,  Dublin,  and  equally  productive  of  eponyms.  In 
1836  the  first  volume  of  the  Elements  of  the  Practice  of  Medicine  by 
Bright  and  Addison  appeared  ;  it  was  written  by  Addison,  and  contains 
an  account  of  ‘  inflammation  of  the  caecum  and  vermiform  appendix 5 
which  had  previously  been  described  in  this  country  by  John  Parkin¬ 
son  in  1812,  and  studied  by  Thomas  Hodgkin  (1798-1866). 

Entirely  devoted  to  clinical  science,  Addison  was  an  impressive  and 
admirable  lecturer,  a  dogmatic  teacher,  and  a  most  careful  clinician. 
His  original  observations  were  numerous,  and  his  name  has  been 
attached  to  the  disease  of  the  suprarenals,  to  the  ‘true’  keloid  ( kt)\ls 
—  a  mark)  which  he  differentiated  from  Alibert’s  cheloid  (xv^V  = 
the  claw  of  a  crab),  and  to  pernicious  anaemia.  The  last  eponymous 
association  was  suggested  in  1909  by  William  Hunter,  and  enthu¬ 
siastically  seconded  by  Addison’s  loyal  follower  at  Guy’s — Arthur 
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Hurst.  In  addition  he  proved  in  1837  and  1840  that  the  exudation  in 
the  pneumonic  lung  is  inside  the  air  alveoli  and  not  in  the  interstitial 
tissue  as  had  previously  been  believed ;  he  also  advanced  existing 
knowledge  of  pulmonary  tuberculosis,  and  of  fatty  change  in  the  liver. 
He  was  one  of  the  first  physicians  in  this  country  to  appreciate  Laen- 
nec’s  method  of  auscultation,  and  to  employ  electricity  as  a  means 
of  treatment.  Although  his  work  broke  much  fresh  ground,  and  his 
discovery  of  the  bronzed  disease  due  to  adrenal  lesions  was  eventually 
such  a  stimulus  to  physiological  research,  he  was  never  a  fellow  of  the 
Royal  Society,  in  which  at  that  time  medical  men  were  more  numerous 
than  now  when  there  are  so  many  new  branches  of  science  to  be 
represented. 

Of  a  melancholic  and  highly  nervous  temperament,  he  was  subject  to 
attacks  of  such  appalling  depression  that  in  early  life  he  had  intended 
to  make  away  with  himself,  but  had  been  prevented  by  circumstances. 
His  habit  of  walking  about  the  streets  at  night  in  order  to  get  some 
relief  laid  him,  like  Samuel  Johnson,  open  to  misrepresentation.  He 
once  said  that  he  never  rose  to  address  the  Guy’s  Junior  Physical 
Society  without  feeling  nervous.  But  his  defensive  mechanism  was  so 
highly  developed  that  he  appeared  self-contained,  somewhat  domi¬ 
neering,  and  difficult  of  approach.  It  is  therefore  hardly  surprising 
that  the  students  revered  the  teacher  rather  than  loved  the  man. 
Those  who  knew  him  best  have  said  that  they  never  heard  him  speak 
ill  of  a  medical  man.  Although  he  wrote  much  in  his  early  professional 
life,  he  disliked  doing  so,  especially  in  his  later  days. 

In  the  early  part  of  1860  mental  disorder  necessitated  his  retirement 
from  hospital  and  private  practice,  and  he  gave  up  the  house  he  had 
recently  taken  in  Berkeley  Square.  A  deputation  begged  him  to 
reconsider  his  resignation,  but  he  replied,  ‘My  work  is  over,  I  have 
left  it  for  others’.  He  believed  that  his  younger  colleagues  (mention¬ 
ing  Gull)  wished  to  deprive  him  of  his  position ;  he  became  suicidal 
and,  though  kindly  reticence  drew  a  veil  over  his  death,  evaded  his 
two  attendants  and  threw  himself  out  of  a  window  on  June  29,  1860. 
Though  not  a  fashionable  physician  his  will  was  sworn  under  £60,000. 

A  Collection  of  the  published  Writings  of  the  Late  Thomas  Addison,  M.D. 

With  Biography  (Wilks  and  Daldy),  New  Sydenham  Soc.,  Lond.,  1868.  Hale- 

White,  W.,  Great  Doctors  of  the  Nineteenth  Century,  Lond.,  1935,  pp.  106-23. 

Sir  Samuel  Wilks  was  born  on  June  2,  1824,  in  Camberwell,  and 
died  on  November  11,  1911,  in  Hampstead.  His  first  published  paper 
appeared  in  1850  and  his  Biographical  Reminiscences  m  the  year  of 
his  death ;  Mr.  W.  Wale  tabulated  more  than  400  papers  and  books 
from  his  pen  during  these  sixty-one  years.  He  was  the  second  son, 
a  place  in  the  family  usually  regarded  as  favourable  to  success,  of 
Joseph  Barber  Wilks,  a  cashier  at  the  East  India  House.  J .  S.  Bristowe 
(1827—95)  in  his  presidential  address  to  the  Pathological  Society  of 
London  referred  to  Wilks,  T.  Bryant,  Cooper  Forster,  and  himself  as 
all  coming  from  Camberwell.  Starting  as  an  apprentice  to  Dr.  Richard 
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Prior,  his  family  doctor,  in  1840,  Wilks  entered  Guy’s  Hospital  in  1842 
and  qualified  as  a  member  of  the  Royal  College  of  Surgeons  of  England 
in  1847,  having  in  the  meanwhile  matriculated  at  the  University  of 
London,  where  he  took  the  degrees  of  M.B.  (1848)  and  M.D.  (1850). 
In  1 856  he  was  elected  a  fellow  of  the  Royal  College  of  Physicians  of 
London  and  assistant  physician  to  Guy’s  Hospital,  where  he  became 
physician  (1866)  and  consulting  physician  (1885).  As  curator  of  the 
museum,  lecturer  on  pathology,  and  later  on  medicine,  he  was  a  great 
teacher  both  of  morbid  anatomy  and  of  sound  clinical  medicine.  He 
not  only  organized  the  practical  teaching  of  morbid  anatomy  but  also 
that  of  systematic  clinical  note-taking  of  hospital  patients  with  the 
support  of  the  progressive  and  autocratic  treasurer  Benjamin  Harrison. 
In  1859  he  published  his  lectures  on  Pathological  Anatomy,  which 
for  thirty  years  was  the  standard  text-book,  and  to  which  any  one 
who  thought  he  had  made  a  new  observation  was  well  advised  to 
refer  before  publishing  his  discovery.  In  1875  he  associated  in 
the  second  edition  with  Walter  Moxon  (1836—86),  whose  speculative 
additions  considerably  altered  the  character  of  the  work;  in  1889  the 
third  and  last  edition  came  out  under  his  sole  name.  He  was  a  most 
constant  attendant  at  the  old  Pathological  Society  of  London,  not 
only  before  he  was  its  president  in  1881-3  but,  what  is  somewhat 
unusual,  afterwards.  I  have  very  distinct  recollection  of  his  kindly 
humorous  comment,  on  a  specimen  of  gumma  of  the  lung  which  I 
showed  in  November  1890,  that  he  had  described  the  condition  before 
I  was  born.  This  he  did  in  May  1858.  As  he  wrote  in  his  Reminiscences , 
he  was  made  a  fellow  of  the  Royal  Society  in  1870  for  his  work  in 
establishing  the  visceral  lesions  due  to  syphilis,  and  he  considered  that 
his  paper  on  this  subject  in  the  Guy's  Hospital  Reports  (1863)  was  the 
most  important  he  ever  wrote.  In  1878  he  brought  out  Lectures  on 
Diseases  of  the  Nervous  System,  which  passed  into  a  second  edition  in 
1883;  at  that  time  nervous  disease  was  the  most  progressive  branch 
of  clinical  medicine.  In  children’s  diseases  he  carefully  discriminated 
between  the  different  forms  of  meningitis,  and  paid  special  attention 
to  posterior  basic  meningitis. 

He  was  most  generous  in  helping  other  men,  not  only  his  seniors, 
such  as  Bright,  Addison,  and  John  Hilton,  but  his  juniors.  He  played 
a  great  part  in  establishing  the  authenticity  of  Addison’s  disease,  and 
as  the  recognized  authority  wrote  the  article  on  it  in  Russell  Reynolds’s 
System  of  Medicine  (1879,  v.  353).  Had  it  not  been  for  his  loyalty 
Hodgkin’s  name  would  not  be  a  synonym  for  lymphadenoma ;  he 
indeed  had  written  a  paper  in  1856  containing  an  account  of  ‘  a  peculiar 
enlargement  of  the  lymphatic  glands  ’,  and  when  it  was  in  proof  dis¬ 
covered  Hodgkin’s  paper  written  in  1832  and  hurriedly  added  a  para¬ 
graph  giving  Hodgkin  the  priority.  Transparently  honest,  he  was 
regarded  unjustly  as  a  therapeutic  sceptic.  In  1892  he  was  the  author 
with  G.  T.  Bettany  (1850-91)  of  A  Biographical  History  of  Guy's 
Hospital  which,  like  his  obituary  notices  in  his  presidential  addresses 
at  the  Royal  College  of  Physicians  of  London  (1896—8),  was  racy  and 
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true  rather  than  suggesting  the  laudatory  character  of  the  tombstone. 
He  had  a  genius  for  friendship,  was  adored  by  his  pupils,  and  the  XV 
Club,  founded  by  his  admirers  in  order  to  meet  him  as  its  president, 
was  after  his  death  called  the  Wilks  XV  Club.  In  his  last  years  he 
suffered  much  and  underwent  operations  for  appendicitis  and  for 
prostatic  enlargement. 

Bristowe,  J.  S.,  Trans.  Path.  Soc.  Pond.,  1885,  xxxvi.  3;  Hale-White,  W  ., 
Great  Doctors  of  the  Nineteenth  Century,  Lond.,  1935,  pp.  227-45. 


As  had  occurred  in  connexion  with  Hodgkin  s  original  account  of 
lymphadenoma,  subsequent  criticism  has  thrown  doubt  on  the  in¬ 
clusion  of  some  of  the  cases  published  by  Addison ;  Wilks  accepted 
4  only  of  the  11  cases;  in  Hilton  Fagge’s  Principles  and  Practice  of 
Medicine  (1886)  doubt  was  expressed  about  the  cases  in  which  one 
adrenal  only  was  diseased,  and  G.  N.  Stewart  (1860-1930)  in  1929 
was  of  the  same  opinion. 

Addison’s  monograph  at  once  stimulated  experimental  research 
and  clinical  observations ;  Brown- Sequard  undertook  physiological 
investigations  on  the  effects  of  removal  of  the  adrenals,  and  numerous 
clinical  and  post-mortem  accounts  were  published,  some  being  reported 
by  Jonathan  Hutchinson  (1828-1913)  in  the  year  the  monograph 
appeared.  At  the  Pathological  Society  of  London  cases  supporting 
and  others  contesting  Addison  s  viewrs  wTere  brought  forward,  the 
latter  being  mainly  cases  of  malignant  disease  of  the  adrenals  without 
bronzing.  The  first  specimen  shown,  that  by  W.  Baly  (1814—61)  on 
November  18,  1856,  was  an  undoubted  example  of  the  disease.  In  the 
session  1857-8  a  special  committee,  composed  of  J.  S.  Bristowe, 
Jonathan  Hutchinson,  J.  W.  Ogle,  Samuel  Wilks,  S.  W.  Sibley,  and 
George  Harley,  cautiously  reported  that  in  4  of  the  10  cases  shown 
before  the  Society  disease  of  the  suprarenals  and  bronzing  of  the 
skin  were  associated.  Attention  was  thus  at  first  concentrated  on 
the  presence  or  absence  of  pigmentation  as  the  diagnostic  feature. 
George  Harley  vigorously  contested  the  importance  of  the  supra¬ 
renals,  and  showed  before  the  old  Pathological  Society  white  rats 
which  had  survived  double  adrenalectomy  (vide  p.  319).  Papers  were 
read  before  the  Royal  Medical  and  Chirurgical  Society  of  London 
by  G.  S.  Wilks  of  Ashford  (1857),  George  Harley  (1857),  Jonathan 
Hutchinson  (1858),  and  C.  J.  B.  Aldis  (1860),  which,  though  appear¬ 
ing  in  the  Proceedings ,  were  not  thought  worthy  of  inclusion  in  the 
Transactions  of  the  Society,  a  judgement  subsequently  passed  on 
Henry  MacCormac’s  paper  on  the  open-air  treatment  of  pulmonary 
tuberculosis  in  1862,  and  on  Samuel  Gee’s  paper  on  splenic  enlarge¬ 
ment  in  congenital  syphilis  in  1867.  This  rebuff  was  naturally  felt 
by  Addison,  who  had  been  president  of  the  Society  in  1849  and  1850 
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and  had  communicated  the  first  of  the  rejected  papers  on  suprarenal 
disease.  In  1856  Jonathan  Hutchinson  analysed  27  collected  cases; 
and  Isaac  Taylor  of  New  York  supported  the  new  conception  by  a 
description  of  cases  with  two  necropsies. 

In  France  in  1856  Lasegue  (1816-83),  the  editor  of  the  Archives 
generates  de  medecine,  analysed  Addison’s  monograph  and  the  cases 
reported  by  others  in  England,  and  Trousseau  in  the  same  year  lost 
no  time  in  paying  tribute  by  calling  it  ‘Addison’s  disease’,  and  de¬ 
scribed  a  case  with  tuberculous  adrenals  examined  miscroscopically 
by  Brown-Sequard.  In  1863,  however,  Mattei  in  Italy,  in  1864 
L.  Martineau  in  France,  and  in  1865  Hughes  Bennett  (1812-75)  of 
Edinburgh,  opposed  the  acceptance  of  Addison’s  disease.  In  1864 
S.  O.  Habershon  (1825-89)  showed  that  inflammation  may  spread 
from  the  adrenals  to  the  adjacent  semilunar  ganglia  and  solar  plexus, 
and  this  was  followed  by  the  view  that  some  at  least  of  the  symptoms 
were  thus  caused.  This  explanation  was  supported  by  E.  H.  Green- 
how  (1814-88),  Jaccoud  (1830-1913)  in  1866,  von  Kahlden  (1859- 
1903)  in  1888,  and  others  on  clinical  and  pathological  observations. 
In  1882  Goodhart  (1845-1916)  stated  that  Addison’s  disease  was  not 
due  to  any  special  morbid  change  in  the  adrenals  alone  or  to  them 
per  se,  but  to  chronic  inflammation  spreading  to  and  strangulating 
the  abdominal  sympathetic.  By  a  curious  coincidence,  at  the  same 
meeting  of  the  Pathological  Society  at  which  he  laid  this  down  he 
showed  two  examples  of  atrophied  adrenals  causing  Addison’s 
disease,  one,  for  George  Eastes,  a  specimen  of  simple  atrophy  of  the 
adrenals  from  a  case  of  Addison’s  disease  with  bronzing  of  eight 
years’  duration.  On  the  other  hand,  examination  of  the  semilunar 
ganglia  and  solar  plexus  in  control  cases  by  Hale  White  (1889)  and 
A.  Robinson  (1891)  threw  very  serious  doubt  on  the  significance  of 
the  histological  changes  described  in  Addison’s  disease. 

In  1866  Greenhow  republished  in  book  form  two  clinical  lectures 
and  a  report  to  the  Pathological  Society  of  London  on  Addison’s 
disease,  ‘in  order,  if  possible,  to  dispel  those  doubts  regarding  the 
reality  of  its  existence  which  are  still  entertained  by  many  members 
of  the  profession’.  He  collected  196  cases  which  he  analysed  elabo¬ 
rately,  and  approved  128  as  genuine.  General  acceptance,  however, 
was  slow ;  in  the  prefatory  remarks  appended  to  the  reprint  of  the 
monograph  in  Addison's  collected  papers,  edited  by  Wilks  and  Daldy 
in  1868,  eight  years  after  his  death,  it  is  stated  that  ‘even  now  it 
(Addison  s  disease)  does  not  find  a  place  in  the  nosology  of  some 
writers’.  It  appeared  in  the  first  edition  (1869)  of  the  Nomenclature 
of  Diseases ,  drawn  up  by  the  Royal  College  of  Physicians  of  London : 
‘Morbus  Addisoni,  idem  valent  cutis  aerea,  melasma  Addisoni’.  To 
the  loyal  efforts  of  Samuel  Wilks  acceptance  of  this  discovery  was 
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largely  due  ;  he  collected,  sifted,  and  published  in  the  Guy  s  Hospital 
Reports  the  clinical  features  and  pathological  details  of  numerous 
cases  of  the  disease,  and  wrote  the  article  in  Russell  Reynolds  s 
System  of  Medicine  (1879).  E.  H.  Greenhow,  in  his  Croonian  Lectures 
at  the  Royal  College  of  Physicians  of  London  in  18/5,  collected  and 
analysed  more  than  300  cases,  among  which  were  those  published 
before  the  appearance  of  Addison’s  monograph,  by  Schotte  (1823), 
Kirkes,  and  Sibley  (1854).  He  attached  considerable  diagnostic 
value  to  the  presence  of  small  well-defined  specks,  like  small  moles, 
on  already  pigmented  areas  of  the  skin,  and  laid  stress  on  the  differ¬ 
ential  diagnosis  from  the  pigmentation  in  ‘elderly  persons  of  very 
indigent  circumstances  and  uncleanly  habits,  especially  when  infested 
with  vermin’  or  ‘vagabond  s  disease  which  has  therefore  also  been 
called  ‘  Greenhow’s  disease  ’.  Greenhow’s  collection  of  300  cases  was 
followed  by  Lewin’s  analysis  of  683  cases  in  1892,  and  Guttman  s 
summary  of  566  recorded  between  1900  and  1929. 

Nomenclature.  Addison  used  the  name  melasma  suprarenale, 
and  it  appears  that  Jonathan  Hutchinson  called  it  ‘bronzed  skin’ 
which  Oliver  Wendell  Holmes  (1809-94)  later  in  The  Poet  at  the 
Breakfast  Table  reproduced  as  cutis  aenea. 

Addison,  T.,  Lond.  Med.  Gaz.,  1849,  xliii.  517,  562;  idem,  The  Constitutional 
and  Local  Effects  of  Disease  of  the  Supra-Renal  Capsules,  Lond.,  1855;  idem, 
A  Collection  of  the  Published  Writings,  edited  with  introductory  Prefaces  by 
Wilks  and  Daldy,  New  Sydenham  Society,  Lond.,  1868;  Aldis,  C.  B.  J.,  Proc. 
Roy.  Med.  and  Chir.  Soc.,  Lond.,  1860,  iii.  270 ;  Aran,  A.  F.,  Arch.  gen.  de  med., 
Paris,  1846,  4  s.,  xii.  61 ;  Baly,  W.,  Trans.  Path.  Soc.  Lond.,  1856—7,  viii.  325, 
Bennett,  J.  H.,  Clinical  Lectures  on  the  Principles  and  Practice  of  Medicine, 
Edin.,  1865;  Bright,  R.,  Reports  of  Medical  Cases,  Lond.,  1836,  ii.  247 ;  Fagge, 
C.  H.,  Principles  and'  Practice  of  Medicine,  Lond.,  1886,  ii.  507  ;  Gibson,  G.  A., 
Guy's  Hosp.  Gaz.,  1907,  xxi.  429;  Goodhart,  J.  F.,  Trans .  Path.  Soc.  Lond., 
1882,  xxxiii.  340,  346;  Greenhow,  E.  FL,  Addisons  Disease,  Lond.,  1866, 
idem,  Croonian  Lectures  on  Addison’s  Disease,  Lond.,  18/5;  Guttman,  P.  FL, 
Arch.  Path.,  Chicago,  1930,  x.  742,  895;  Habershon,  S.  O.,  Guy's  Hosp.  Rep., 
1864,  3  s.,  x.  78;  Harley,  G.,  Proc.  Roy.  Med.  and  Chir.  Soc.,  Lond.,  1857—8, 
ii.  19 ;  Hutchinson,  J.,  Med.  Times  and  Gaz.,  Lond.,  1855,  xxxii.  593,  623,  648  ; 
1856,  xxxiii.  60,  518,  646;  idem,  Trans.  Path.  Spc.  Lond.,  1856,  vii.  2/0,  idem, 
Proc.  Roy.  Med.  and  Chir.  Soc.,  Lond.,  1858,  ii.  36;  Jaccoud,  F.  S.,  Nouv.  diet, 
de  med.  et  de  chir.  prat.,  Paris,  1866,  v.  676  ;  Kahlden,  C.  von,  Virchows  Arch., 
1888,  cxiv.  91;  Lasegue,  C.,  Arch.  gen.  de  med.,  Paris,  1856,  5  s.,  vii.  257; 
Maranon,  G.,  Siglo  med.,  Madrid,  1922,  lxx.  605  ;  Martineau,  L.,  De  la  maladie 
d' Addison,  Paris,  1864;  Mattei,  R.,  Sperimentale,  Firenze,  1863,  xi.  3;  Robin¬ 
son,  A.,  Lancet,  1891,  i.  652;  Stewart,  G.  N.,  Arch.  Int.  Med.,  Chicago,  1929, 
xliii.  733  ;  Taylor,  I.  E.,  New  York  Journ.  Med.,  1856,  3  s.,  i.  145 ;  Trans.  Path. 
Soc.  Lond.,  1858,  ix.  400-24;  1897,  xlviii,  p.  lxxi;  Trousseau,  A.,  Bull.  Acad, 
imper.  de  med.,  Paris,  1855-6,  xxi.  1036;  White,  W.  Hale,  Journ.  Physiol., 
Cambridge,  1889,  x.  345;  Wilks,  G.,  Proc.  Roy.  Med.  and  Chir.  Soc.,  Lond., 
1857-8,  ii.  6;  Wilks,  S.,  Guy's  Hosp.  Rep.,  1859,  3  s.,  v.  89,  375;  idem,  ibid., 
1862,  3  s.,  viii.  1-63;  idem,  ibid.,  1865,  3  s.,  xi.  23;  idem,  ibid.,  1877,  xxii, 
259;  idem,  System  of  Medicine  (J.  Russell  Reynolds),  Lond.,  1869,  v.  353-67. 
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Aetiology.  Addison  originally  took  a  broad  view  of  the  relation 
of  the  clinical  manifestations  to  the  morbid  changes  in  the  adrenals, 
and  considered  that  any  lesion  might  produce  the  same  chain  of 
symptoms  which  depended  not  so  much  on  the  nature  of  the  lesions 
as  upon  interference  with  the  function  of  the  adrenals.  He  frankly 
admitted  that  their  function  and  their  influence  on  the  general 
economy  were  almost  or  entirely  unknown.  Later  he  appears  to  have 
modified  his  views  and  to  have  wished  to  eliminate  from  his  mono¬ 
graph  the  cases  of  malignant  disease,  and  to  have  ascribed  a  larger 
share  in  the  production  of  the  symptoms  to  the  intimate  relation  of 
the  adrenals  to  the  abdominal  sympathetic ;  thus  to  some  extent 
giving  up  his  original  opinion  that  interference  with  some  special 
function  of  these  glands  was  responsible.  In  a  discussion  at  the  Royal 
Medical  and  Chirurgical  Society  on  February  9,  1858,  he  said:  ‘We 
know  that  these  organs  (the  suprarenals)  are  situated  in  the  direct 
vicinity  and  in  contact  with  the  solar  plexus  and  semilunar  ganglia, 
and  receive  from  them  a  large  supply  of  nerves,  and  who  can  tell 
what  influence  the  contact  of  these  diseased  organs  might  have  on 
these  great  nerve  centres,  and  what  share  that  secondary  effect  might 
have  on  the  general  health  and  in  the  production  of  the  symptoms 
presented?’  This  change  of  opinion  was  probably  due  to  the  general 
tendency  of  the  time  to  explain  symptoms  by  reflex  action,  for  the 
day  of  chemical  messengers  was  in  the  far  distant  future  ;  Wilks,  who 
had  keen  neurological  interests,  was  convinced  that  the  adrenal  lesion 
was  not  tuberculous  but  a  chronic  inflammation  comparable  to  that 
of  hepatic  cirrhosis  and  a  granular  kidney ;  this  is  shown  by  a  letter 
on  the  subject  of  Addison’s  disease  which  has  for  some  years  been  in 
the  library  of  the  Royal  Society  of  Medicine.  Greenhow  (1875)  sub¬ 
scribed  to  Wilks’s  view. 

72  Grosvenor  Street, 

Grosvenor  Square,  W. 

Jan.  lst/95. 

Dear  Dr.  Ro Heston, 

I  shall  be  happy  to  give  you  any  information  I  can  about  Morbus 
Addisonii.  I  was  so  intimately  mixed  up  with  Addison’s  work  that 
some  of  my  friends  have  gone  so  far  as  to  say  ‘quorum  pars  magna 
fui\  I  urged  him  to  publish  and  made  all  the  dissections  in  his  mono¬ 
graph.  If  you  have  not  this  I  can  lend  you  mine  although  it  was 
republished  in  the  Sydenham  Society.  It  was  published  in  1855.  It 
was  4  years  before  he  made  his  communication  to  a  local  Society, 
South  London,  now  extinct.  You  will  find  the  record  in  the  Medical 
Gazette  for  March  1849,  p.  517,  to  be  got  at  Med.-Chir.  Library.  You 
will  see  this  reference  in  my  article  in  Vol.  V  of  Reynolds’  ‘System’, 
also  the  whole  quotation  in  the  ‘Biographical  History  of  Guy’s 
Hospital  where  also  I  quote  Trousseau  who  christened  the  disease. 
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I  cannot  lend  you  a  copy  as  I  have  not  one  to  lend  but  this  you  can 
get  at  the  library — or  perhaps  Stephen  Paget  will  lend  you  his.  I  saw 
it  on  his  table  and  it  was  the  copy  I  gave  to  his  father. 

Addison  was  quite  original  in  his  discovery  but  disliked  writing  and 
therefore  got  others  to  help  him.  The  part  which  I  have  taken  in  the 
matter  was  the  insisting  on  the  unique  character  of  the  disease,  as  a 
matter  of  fact  and  of  necessity.  Addison  was  at  last  so  interested  in 
the  subject  that  he  went  too  far  and  spoiled  his  treatise  by  intruding 
‘spotted’  man,  a  case  of  malignant  disease  of  the  capsules.  Addison 
died  in  June  /60.  The  year  before  in  1859  I  published  some  cases  in 
the  Guy’s  Hospital  Reports  and  insisted  on  this  peculiar  nature,  called 
there  tuberculous  or  scrofulous.  I  submitted  my  paper  to  him  and  he 
assented.  Subsequently  I  found  all  cases  of  this  nature,  proving  it  was 
a  primary  or  essential  disease.  You  have  read  my  chapter  in  the 
‘Pathological  Anatomy’  and  there  you  will  see  the  matter  concisely 
stated.  It  accounts  for  all  the  phases  of  the  disease  as  we  find  it  and 
also  for  the  total  disappearance  of  the  organs.  All  analogies  would 
prove  the  correctness  of  this  view  as  we  understand  the  intrinsic 
diseases  of  the  brain,  lungs,  liver  or  kidney  and  not  accidental  affec¬ 
tions  as  tumours,  &c.  In  my  paper  in  Reynolds  I  say  ‘The  disease  is 
peculiar,  uniform  in  character  and  primary  in  its  nature  .  All  my 
experience  for  30  years  has  been  to  prove  my  original  opinion  that  the 
disease  is  typified  in  Addison’s  earlier  cases  and  not  in  those  which  he 
added.  Besides  the  short  paper  I  wrote  in  the  Guy’s  Hospital  Reports 
for  1859  before  Addison’s  death,  I  wrote  another  in  1862  giving  all  the 
cases  I  had  collected.  I  find  a  copy  of  this  paper  on  my  shelves  which 
I  send  you.  You  will  find  on  the  second  page  my  view  of  its  essential 
character  insisted  upon.  I  gave  a  few  more  cases  in  Guy  s  Hospital 
Reports  in  1865.  In  the  first  edition  of  my  Pathological  Anatomy 
1859  I  maintain  the  same.  I  think  it  important,  for  even  now  I  see 
occasionally  in  the  journals  cases  of  cancer  of  the  adrenal  and  no  pig¬ 
mentation  of  the  skin.  One  might  as  well  say  cancer  of  the  kidney  and 
no  symptoms  of  Bright’s  Disease.  The  picture  in  the  pamphlet  sent  is 
not  very  good  but  the  case  is  of  interest  because  discussed  at  the 
Med.-Chir.  Soc.  I  had  often  intended  to  look  through  the  Medical 
Journals  and  see  the  discussion  at  the  Med.-Chir.  on  this  subject. 
The  case  No.  18  was  taken  to  Med.-Chir.  in  the  winter  of  1859.  About 
1859  there  had  been  a  discussion  on  a  case  taken  there  by  Wilks  of 
Ashford  and  on  another  occasion  a  discussion  when  George  Harley 
brought  forward  all  the  new  German  views  against  the  possibility  of 
its  existence.  I  well  remember  Addison  getting  up  and  saying  he  knew 
nothing  about  the  matters  on  which  Harley  was  discussing,  and  then 
placing  his  two  fingers  on  the  palm  of  his  left  hand  said,  ‘In  this  case 
I  foretold  that  there  would  be  found  at  these  two  little  spots  on  the 
body  two  lumps  of  disease,  and  this  turned  out  to  be  true.  Will  Dr. 
Harley  tell  me  what  are  the  probabilities  that  this  was  chance  as  he 
maintains  ?’  I  was  continually  bringing  forward  cases  at  the  Path.  Soc. 
and  George  Harley  would  have  nothing  to  do  with  them.  I  mention 
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this  as  a  matter  of  history,  not  that  I  want  to  drag  in  Harley’s 
name.  If  any  future  medical  historian  interested  in  the  subject  should 
look  back  to  the  Iransactions  of  the  time  when  the  discovery  was 
made,  he  will  find  no  allusion  to  it  in  those  of  the  Med.-Chir.  Soc.  This 
has  made  me  rather  unfriendly  to  the  Society  although  I  was  preju¬ 
diced  before  when  Hilton  told  me  that  they  would  not  publish  his 
original  paper  on  Trichina  spiralis.  Three  times,  if  not  four  times,  was 
the  subject  of  Addison  s  disease  before  the  Med.-Chir.  Soc.,  but  they 
would  not  publish  any  of  the  papers.  After  the  refusal  of  the  first, 
Addison  was  much  vexed  and  therefore  I  worked  up  the  case  1 8  (whose 
picture  is  in  the  pamphlet)  especially  for  the  Society.  It  was  taken  to 
the  Society,  discussed  and  refused  publication. 

You  see  I  am  interested  in  the  subject  and  therefore  excuse  this 
long  letter. 

Yours  faithfully, 

S.  Wilks. 

X-Rays.  Desjardins  (1928)  collected  5  cases,  recorded  by  four 
authors,  of  acute  adrenal  insufficiency  or  Addison’s  disease  following 
X-ray  treatment,  mainly  for  malignant  disease.  This  is  not  a  con¬ 
vincing  record. 

Age  and  Sex  Incidence.  It  occurs  most  frequently  about  the  age  of 
30  years.  In  children  it  is  rare;  Dezirot  (1898)  collected  48  cases 
under  16  years  of  age,  and  Chemin  (1910)  56  cases,  the  majority 
occurring  shortly  before  or  at  the  time  of  puberty,  males  (32)  being 
more  affected  than  females  (24).  Among  the  cases  collected  by 
Guttman  (1930)  3-4  per  cent,  were  in  the  first  decade.  In  adults  it  is 
more  frequent  in  males  than  in  females.  Greenhow  (1875)  found  that 
the  proportion  of  males  was  65  per  cent.,  Lewin  (1892)  60  per  cent., 
and  Guttman  (1930)  65  per  cent,  among  the  cases  reported  between 
1900  and  1929,  but  among  the  cases  with  adrenal  atrophy  there  were 
more  females  than  males.  Heredity  does  not  appear  to  be  important ; 
a  few  familial  cases  have  been  reported:  Eahr  and  Reiche  (1920) 
recorded  it  in  three  brothers,  in  one  a  necropsy  showing  adrenal 
atrophy,  Andre wes  (1891)  and  Schwar  (1898)  in  two  brothers,  and  I 
have  knowledge  of  two  sisters  affected. 

A  racial  factor  was  suggested  by  Maranon  (1928),  who  considered 
it  to  be  relatively  frequent  in  Spain.  In  negroes  the  question  of 
pigmentation  has  interfered  with  diagnosis,  and  it  may  be  less 
exceptional  than  the  few  reported  cases  would  suggest ;  Guttman 
(1930)  collected  7  cases  recorded  in  the  first  twenty-nine  years  of  this 
century.  Like  tuberculosis  it  has  been  stated  to  be  particularly  rare 
in  Jews.  It  is  said  that  it  seldom  develops  among  tuberculous 
patients  in  sanatoriums. 

Andrewes,  F.  W.,  St.  Barth.  Hosp.  Rep.,  1891,  xxvii.  109;  Chemin,  G.,  These 
de  Pans,  No.  276.  1909-10;  Desjardins,  A.  U.,  Am.  Journ.  Rontgenol.,  N.Y., 
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1928,  xix.  453;  Dezirot,  H.,  These  de  Paris,  No.  353,  1897-8;  Fahr,  T.,  imd 
Reiche,  F.,  Frankfurt.  Ztschr.f.  Path.,  Wiesb.,  1919-20,  xxii.  321 ;  Greenhow, 
E.  H.,  Addison's  Disease,  Lond.,  1875;  Guttman,  P.  H.,  Arch.  Path.,  Chicago, 
1930,  x.  742;  Lewin,  G.,  Charite-Ann.,  Berlin,  1892,  xvii.  536;  Maranon,  G., 
Rev.franQ.  endocrinol.,  Paris,  1928,  vi.  277;  Schwar,  L.  W.,  Journ.  Am.  Med. 
Assoc.,  Chicago,  1898,  xxx.  708. 


Morbid  Anatomy. 

Adrenals.  The  most  frequent  lesion  is  tuberculosis,  in  more  than 
70  per  cent.;  20  per  cent,  are  simple  atrophy,  and  a  few  cases  are  due 
to  fibrosis.  Snell  (1935)  found  that  among  30  recent  post-mortem 
cases  17  were  atrophied  and  13  tuberculous,  a  striking  change  from 
the  former  relative  incidence. 

The  tuberculous  lesion  begins  in  the  medulla,  is  bilateral,  chronic, 
often  undergoes  caseation,  fibrosis,  calcification,  and  may  show 
fibrous  adhesions  to  adjacent  parts,  special  interest  attaching  to  in¬ 
volvement  of  the  solar  plexus. 

Calcification,  reported  by  Baly  in  1856,  is  fairly  common.  Woolley 
(1916)  described  bone  and  bone-marrow  formation.  Evidence  of 
tuberculosis  elsewhere  in  the  body,  especially  in  the  lungs  and,  it  is 
said,  in  the  abdominal  lymphatic  glands  in  children,  is  common,  30 
to  40  per  cent.  (Snell,  1935) ;  but  sometimes  the  adrenals  are  the  only 
organ  affected  ;  Lewin  (1892)  found  this  in  26  per  cent.  Tuberculosis 
may  extend  from  disease  of  the  spine ;  long  ago  Alexais  and  Arnaud 
(1891 )  collected  21  cases  ;  but  spread  from  or  to  the  kidneys  does  not 
occur.  Clemow  (1886)  reported  that  he  had  found  tubercle  bacilli  in 
the  adrenal  lesion  in  1882 ;  Goldenblum  found  them  in  1884.  The 
cortex  is  not  entirely  destroyed  unless  there  is  some  hypertrophy  of 
accessory  or  aberrant  adrenals ;  this  compensatory  change  was  de¬ 
scribed  in  the  cortex  of  tuberculous  adrenals  by  N.  W.  Barker  (1929), 
and  in  aberrant  adrenals  in  the  broad  ligament  and  in  the  neighbour¬ 
hood  of  the  epididymis  by  Nicholson  (1922). 

Atrophy.  Addison’s  fourth  case  was  one  of  fibrotic  atrophy,  and 
in  1858  J.  K.  Spender  (1829-1916)  of  Bath  recorded  a  case  with 
‘  congenital  absence 5  of  both  adrenals  in  a  woman  54  years  of  age ; 
this  would  appear  to  have  been  a  case  of  unusually  complete  atrophy . 
Crosby  (1930)  under  the  heading  of  congenital  absence  of  the  adrenals 
and  Addison’s  disease  reported  a  case  in  which  there  was  not  any 
naked-eye  evidence  of  the  adrenals,  but  microscopical  examination 
showed  small  islands  of  adrenal  cortex  embedded  in  the  retro¬ 
peritoneal  fat  near  the  upper  poles  of  the  kidneys.  In  some  instances 
the  fat  in  the  position  of  the  adrenals  merely  shows  a  yellow  staining. 
Cases  of  Addison’s  disease  with  adrenal  atrophy  were  also  reported 
by  Goodhart  (1882),  Davy  (1882),  Hebb  (1883),  T.  Barlow  (1885), 
and  Coupland  (1885),  the  last  of  whom  collected  9  cases  and  pointed 
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out  that  Wilks’s  view  of  the  specific  nature  of  the  adrenal  lesion  must 
admit  of  modification.  W.  B.  Hadden  (1856-93)  in  the  same  year 
when  reporting  a  case  with  chronic  interstitial  fibrosis  of  the  adrenals 
likened  the  change  to  that  in  the  thyroid  in  myxoedema,  and 
endorsed  Addison’s  original  opinion  that  the  essential  factor  is,  as  in 
myxoedema,  a  destructive  change,  the  anatomical  character  being 
unimportant  provided  that  it  is  destructive.  Subsequently  many 
more  cases  of  atrophy  were  reported. 

In  1903  Simmonds  collected  24  cases  and  in  J930  Guttman  analysed 
566  cases  of  Addison’s  disease  reported  between  1900  and  1929,  and 
found  that  68,  or  12  per  cent.,  were  due  to  atrophy.  Duff  and  Bern¬ 
stein  (1933)  collected  24  more  cases  of  atrophy  between  1929  and 
1932;  so  that,  probably  from  the  interest  attaching  to  them,  more 
cases  of  simple  atrophy  than  of  tuberculous  disease  of  the  adrenals 
have  been  recently  recorded.  According  to  Duff  and  Bernstein  the 
zona  reticularis  is  the  most  liable  of  the  three  zones  of  the  cortex,  and 
the  zona  glomerulosa  the  most  resistant,  to  necrotic  atrophy  ;  lympho¬ 
cytic  infiltration  also  occurred  in  the  medulla  and  the  remains  of  the 
cortex.  In  4  cases  without  symptoms  of  Addison’s  disease  the  adrenals 
showed  evidence  of  some  necrotic  atrophy.  Addison’s  disease  due  to 
adrenal  atrophy  is  more  frequent  in  females  than  in  males  (Guttman, 
1930). 

The  atrophy  has  been  ascribed  to  a  slow  selective  necrosis,  due  to 
an  unknown  toxin,  with  the  same  inadequate  attempts  at  regenera¬ 
tion  as  in  acute  necrosis  of  the  liver,  by  H.  G.  Wells  (1930),  who  pre¬ 
ferred  the  terms  ‘primary  contracted  adrenals’  or  Kovacs’s  title  of 
‘cytotoxic  adrenal  contraction’  to  1  atrophy’.  The  subsequent  in¬ 
flammation  and  any  resulting  fibrosis  were  regarded  as  secondary. 
The  association,  in  Aitken  and  Russell’s  (1934)  case  of  Simmonds  s 
disease,  of  crises  resembling  those  of  Addison’s  disease,  with  atrophy 
of  the  adrenal  cortex,  might  suggest  the  possibility  that  some  cases 
of  adrenal  atrophy  found  in  Addison’s  disease  may  be  primarily  due 
to  deficiency  of  the  adrenotropic  hormone  of  the  anterior  pituitary ; 
but  Crooke  and  Russell  (1935)  found  lymphocytic  infiltration  of  the 
cortex  in  Addison’s  disease,  this  destructive  atrophy  being  essentially 
different  from  the  simple  atrophy  due  to  lesions  of  the  anterior 
pituitary  and  absence  of  the  adrenotropic  hormone.  These  observers 
also  described  nodular  areas  of  regeneration  in  the  cortex. 

Syphilis.  Addison’s  disease  in  a  syphilitic  patient  has  been  thought 
to  be  due  to  that  infection  (Loeper  and  Oppenheim,  1906 ;  Gaucher 
and  Gougerot,  1911  ;  Snell,  1934).  In  1879  Gaucher  (1854-1918) 
recorded  a  questionable  gumma  in  a  syphilitic  woman  with  pigmenta¬ 
tion,  but  doubtful  Addison’s  disease.  Fibrosis  has  been  assumed  to 
be  syphilitic  ;  atrophy  of  the  adrenals  was  associated  with  a  gumma  in 
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one  kidney  in  Barlow's  case  (1885),  and  simple  atrophy  has  been 
ascribed  to  the  Treponema  pallidum  (Warthin).  A  case  of  Addison’s 
disease  in  which  fibro-gummatons  change  and  the  Treponema 
pallidum  were  found  in  the  adrenals  was  described  by  Sezary  (1914). 
Some  of  the  earlier  clinical  cases  in  syphilitic  subjects  showed  im¬ 
provement  on  anti-luetic  treatment,  but  the  therapeutic  test  is  of 
doubtful  value  in  a  disease  so  subject  to  remission  as  Addison’s 
disease.  Fibrosis  of  the  adrenals  has  been  reported  and  ascribed 
to  syphilis  or  alternatively  to  past  acute  inflammation. 

Amyloid  change  in  the  adrenals  is  by  no  means  uncommon  as  part 
of  a  general  amyloidosis,  and  in  a  few  cases  has  been  associated  with 
the  clinical  picture  of  Addison’s  disease  (Lewin,  1892;  McCrutcheon, 
1923  ;  Wells,  1930)  ;inPhilpott’s  case  (1928)  the  semilunar  ganglia  and 
the  pars  intermedia  of  the  pituitary  also  showed  amyloid  change. 

In  malignant  disease  of  the  adrenals,  primary  or  secondary,  the 
complete  clinical  picture  of  Addison's  disease  is  extremely  rare.  The 
symptoms  of  Addison’s  disease  have  been  recorded,  in  very  excep¬ 
tional  cases,  in  which  at  the  necropsy  the  adrenals  were  found  to  be 
intact  but  the  adjacent  solar  plexus  and  semilunar  ganglia  to  be  sur¬ 
rounded  by  lymphadenomatous  growth  (Guay,  1873;  Fowler,  1879) 
or  malignant  disease  (Bicknell,  1934). 

The  condition  of  the  adjacent  sympathetic,  solar  plexus  and  semi¬ 
lunar  ganglia  was  frequently  investigated  sixty  years  ago  when  the 
importance  of  reflex  irritation  was  dominant  and  the  methods  of 
histological  technique  somewhat  primitive.  The  results  were  dis¬ 
cordant,  and  though  there  may  in  some  cases  be  definite  damage  to 
the  sympathetic,  this  must  be  regarded  as  secondary  to  the  adrenal 
lesion  and  not  as  a  constant  or  a  necessary  factor  in  the  disease. 
The  degenerative  changes  described  in  the  spinal  cord  are  of  doubtful 
significance. 

Pituitary.  Jonathan  Hutchinson  in  1856  reported  enlargement  and 
a  cyst.  Diminution  of  the  number  of  the  basophil  cells  was  recorded 
by  Hewer  (1923),  Kraus  (1927),  and  Harrop  and  Weinstein  (1932); 
Crooke  and  Russell  (1935)  found  great  diminution  with  the  presence 
of  abnormal  transitional  basophils  in  12  cases,  and  in  addition 
collected  9  recorded  cases  of  diminution  of  the  basophils.  Brenner 
(1928)  reported  a  great  preponderance  of  basophils.  Crooke  and 
Russell  also  described  increase  in  the  number  of  the  chromophobe 
cells  which  were  much  larger  than  normal,  up  to  22  p,  reduction  in 
the  number  of  eosinophils,  and  ascribed  the  cellular  changes  in  the 
pituitary  to  the  destruction  of  the  adrenal  cortex. 

Thyroid.  Evidence  of  colloid  retention  and  increased  activity  has 
been  reported  (Crooke  and  Russell);  also  fibrosis  and  lymphocytic 
infiltration  (Brenner). 
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Testis.  Atrophy  has  been  recorded  (Hewer,  1923). 

Status  Lymphaticus  and  Adrenal  Insufficiency .  In  Baly’s  case,  the 
first  shown  before  the  Pathological  Society  of  London,  on  November 
16,  1856,  the  thymus  was  enlarged  ;  this  antedates  Star’s  observation 
in  1895  by  nearly  40  years  ;  but  Guttman’s  analysis  (1930)  of  a  large 
number  of  cases  of  Addison’s  disease  makes  the  association  with  a 
large  thymus  doubtful.  The  relation  between  adrenal  insufficiency 
and  the  status  lymphaticus,  upheld  by  Loeffier  (1920),  Bittorf  (1926), 
and  others,  is  a  difficult  question ;  in  1927  Major  Greenwood  and 
Woods  showed  the  absence  of  statistical  evidence  for  the  existence  of 
status  thymico-lymphaticus  which  was  therefore  described  as  a 
medical  myth.  The  lymphoid  hyperplasia  was  formerly  ascribed  to 
insufficiency  of  the  adrenal  medulla  (Paltauf,  1890;  Wiesel,  1904; 
Hedinger,  1907),  and  more  recently  has  been  ascribed  to  insufficiency 
of  the  cortex.  Marine  (1926)  considered  that  the  so-called  lymphatic 
constitution,  which  underlies  both  Addison’s  disease  and  Graves’s 
disease,  depends  on  partial  suppression  of  certain  functions  of  the 
inter-renal  (adrenal  cortex)  and  sex  glands. 

The  first  microscopic  sections  of  the  bronzed  skin  were  made  and 
figured  by  Jonathan  Hutchinson  in  1856  ;  the  distribution  of  the  pig¬ 
ment  was  the  same  as  in  the  negro,  and  it  was  stated  that  the  patient 
had  a  disagreeable  odour  like  that  of  a  negro.  The  cutaneous  pig¬ 
mentation  is  due  to  melanin  in  the  stratum  Malpighii  of  the  epider¬ 
mis,  and  is  formed  from  the  colourless  melanogen  by  the  epithelial 
melanoblasts  and  a  specific  ferment.  Melanin  and  adrenaline  both 
belong  to  an  aromatic  group  containing  tyrosine  and  tryptophane, 
and  it  has  been  suggested  that  if  the  adrenal  medulla  is  unable  to 
form  adrenaline  from  the  aromatic  substances  the  latter  accumulate 
in  the  skin  where  melanin  is  therefore  manufactured  in  excess.  On 
the  other  hand,  it  has  been  ascribed  to  the  absence  of  (i)  vitamin  C 
from  the  cortex,  or  (ii)  of  the  cortical  hormone,  both  of  which  might 
normally  prevent  the  oxidation  of  melanogen  and  the  resulting  pig¬ 
mentation  (H.  Zondek,  1935).  In  exceptional  instances  pigmentation 
of  internal  organs,  such  as  that  of  the  pia  mater  (Payne,  1871  ; 
Carrington)  and  peritoneum  (Addison,  1855)  and  intestines  (Allchin, 
1891)  has  been  reported  but  are  probably  due  to  independent  causes. 

Cardiovascular  System.  The  heart  is  usually  somewhat  atrophied, 
and  may  show  brown  atrophy.  Well-marked  arteriosclerosis  is  rare. 

Aitken,  R.  S.,  and  Russell,  D.  S.,  Lancet,  1934,  ii.  802;  Alexais  et  Arnaud, 
Rev.  de  med.,  Paris,  1891,  xi.  282;  Allchin,  W.  H.,  Trans.  Path.  Soc.  Lond., 
1891,  xlii.  302;  Baly,  W.,  Trans.  Path.  Soc.  Lond.,  1856-7,  viii.  325;  Barker, 
N.  W.,  Arch.  Path.,  Chicago,  1929,  viii.  432;  Barlow,  T.,  Trans.  Path.  Soc. 
Lond.,  1885,  xxxvi.  433;  Berblinger,  W.,  Handbuch  der  inneren  Sekretion, 
Leipz.,  1932,  i.  909;  Bicknell,  F.,  Brit.  Med.  Journ.,  1934,  ii.  206;  Bittorf, 
A.,  Munchen.  med.  Wchnschr.,  1926,  lxxiii.  1928;  Brenner,  O.,  Quart.  Journ. 
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Med.,  Oxford,  1928—9,  xxii.  121 ;  Carrington,  R.  E.,  quoted  in  Hilton  Fagge’s 
Principles  and  Practice  of  Medicine,  1886,  ii.  509 ;  Clemow,  A.  H.,  Lancet,  1886, 
i.  1241;  Coupland,  S.,  Trans.  Path.  Soc.  Lond.,  1885,  xxxvi.  423;  Crooke, 
A.  C.,  and  Russell,  D.  S.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1935,  xl.  255; 
Crosby,  E.  H.,  Arch.  Path.,  Chicago,  1930,  x.  38;  Davy,  H.,  Trans.  Path.  Soc. 
Lond.,  1882,  xxxiii.  360 ;  Duff,  G.  L.,  and  Bernstein,  C.,  Bull.  Johns  Hopkins 
Hosp.,  Baltimore,  1933,  lii.  67 ;  Fowler,  J.  K.,  Lancet,  1879,  i.  258;  Gaucher, 
P.  C.,  Bull.  Soc.  din.  de  Paris,  1879,  iii.  229;  Gaucher  et  Gougerot,  Ann.  d. 
mal.  ven.,  Paris,  1911,  vi.  321;  Goldenblum,  M.,  Virchows  Arch.,  1884,  civ. 
393;  Goodhart,  J.  F.,  Trans.  Path.  Soc.  Loncl.,  1882,  xxxiii.  340,  346;  Green¬ 
wood,  M.,  and  Woods,  H.  M.,  Journ.  Hyg.,  Cambridge,  1927,  xxvi.  305 ;  Guay, 
These  de  Paris,  1873;  Guizzelli,  P.,  e  Riggiani,  G.,  Endocrinol,  e  pat.  costit., 
Roma,  1928,  iii.  397 ;  Guttman,  P.  H.,  Arch.  Path.,  Chicago,  1930,  x.  742,  895 ; 
Hadden,  W.  B.,  Trans.  Path.  Soc.  Lond.,  1885,  xxxvi.  436;  Harrop,  G.  A., 
and  Weinstein,  A.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1932,  xcviii.  1525; 
Hebb,  R.  G.,  Lancet,  1883,  i.  9 ;  Hedinger,  E.,  Frankfurt.  Ztschr.f.  Path.,  1907, 
i.  527;  Hewer,  E.  E.,  Brit.  Med.  Journ.,  1923,  i.  235;  Hutchinson,  J.,  Trans. 
Path.  Soc.  Lond.,  1856-7,  viii.  391 ;  Kovacs,  W.,  Beitr.  z.  path.  Anat.  u.  z. 
ally.  Path.,  Jena,  1927-8,  lxxix.  213;  Kraus,  E.  J.,  ibid.,  1927,  lxxviii.  282; 
Lewin,  G.,  Charite-Ann.,  1892,  xvii.  536;  Loeffler,  W.,  Ztschr.f.  klin.  Med., 
1920,  xc.  265;  Loeper  et  Oppenheim,  Traite  de  med.  (Debove,  Achard  et 
Castaigne),  Paris,  1906,  p.  756;  McCrutcheon,  M.,  Am.  Journ.  Med.  Sc.,  Phila., 
1923,  clxvi.  197;  Marine,  D.,  Arch.  Path.,  Chicago,  1926,  i.  175;  Nicholson, 
G.  W.,  Guy' s  Hosp.  Rep.,  1922,  lxxii.  334;  Paltauf,  A.,  Wien.  klin.  Wchnschr ., 
1890,  iii.  172 ;  Payne,  J.  F.,  Trans.  Path.  Soc.  Lond.,  1871,  xxii.  281 ;  Philpott, 
N.  W.,  Ann.  Int.  Med.,  Ann  Arbor,  1927-8,  i.  613;  Sezary,  A.,  Gaz.  d.  hop., 
Paris,  1914,  lxxxvii.  1317;  Simmonds,  M.,  Virchows  Arch.,  1903,  clxxii.  480; 
Snell,  A.  M.,  Proc.  Staff  Meetings  Mayo  Clinic,  1934,  ix.  303;  idem,  ibid., 
1935,  x.  337;  Spender,  J.  K.,  Brit.  Med.  Journ.,  1858,  768;  Star,  P.,  Lancet, 
1895,  i.  284;  Warthin,  A.  S.,  quoted  by  Snell  (1934);  Wells,  H.  G.,  Arch. 
Path.,  Chicago,  1930,  x.  499;  Wiesel,  J.,  Virchows  Arch.,  1904,  clxxiii.  108; 
Woolley,  P.  G.,  Journ.  Lab.  and  Clin.  Med.,  1916,  i.  502;  Zondek,  H.,  The 
Diseases  of  the  Endocrine  Glands,  Bond.,  1935,  p.  376. 

Pathogeny.  The  view  that  the  symptoms  were  due  to  toxaemia 
caused  either  by  inadequacy  of  the  cortex  to  neutralize  or  excrete 
some  poison  or  by  disordered  metabolism  resulting  from  insufficiency 
of  the  adrenal  medulla  vcas  the  natural  application  of  Brown-Sequard’s 
experimental  conclusion  in  1858  that  adrenalectomy  caused  tox¬ 
aemia.  Abelous  and  Langlois  (1892)  believed  that  in  Addison’s 
disease  a  poison  resembling  curare  and  formed  in  the  muscles  was  no 
longer  antagonized  by  the  adrenals.  In  this  country  the  nervous 
hypothesis,  namely,  that  the  symptoms  were  caused  by  inflammation 
and  irritation  of  the  adjacent  solar  plexus  and  sympathetic,  held  the 
field  until  1894  when  Oliver  and  Schafer  demonstrated  the  presence 
of  a  pressor  hormone  in  the  adrenal  medulla.  As  a  result  the  symp¬ 
toms  of  Addison’s  disease,  more  especially  the  low  blood-pressure  and 
asthenia,  wTere  ascribed  to  inadequacy  of  the  medulla.  Byrom  Bram- 
well  (1847-1931)  in  1897  combined  the  nervous  hypothesis  with  that 
of  inadequacy  of  the  adrenaline  secretion.  Wiesel  (1903)  urged  that 
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the  fault  lay  in  the  whole  chromaffin  system,  and  Bittorf  (1908)  that 
the  sole  cause  of  the  symptoms  was  adrenal  insufficiency.  In  ex¬ 
tremely  atrophied  adrenals  adrenaline  is  naturally  absent,  but  this  is 
not  complete  in  the  tuberculous  cases  (Elliott,  1914). 

Whereas  destruction  of  the  adrenal  medulla  was  formerly  regarded 
as  the  important  factor,  opinion  has  now  swung  round  to  regard 
damage  to  the  cortex  as  mainly  or  entirely  responsible  for  the 
symptoms  of  Addison’s  disease.  This  change  is  due  partly  to  the 
physiological  knowledge  that  the  cortex  is  essential  for  life,  whereas 
the  medulla  can  be  destroyed  without  causing  death ;  partly  to 
clinico-pathological  observations  made  by  Hansemann  (1896), 
Karakascheff  (1904),  S.  G.  Scott  (1914),  Fahr  and  Reiche  (1919), 
Brenner  (1928)  who  collected  eight  cases  with  absence  of  the  cortex 
and  a  practically  normal  medulla,  and  Wells’s  review  (1930)  showing 
that  in  none  of  the  cases  analysed  was  the  cortex  intact.  Elliott  (1914) 
had  pointed  out  that  so  little  adrenal  cortex  was  found  at  necropsy 
that  it  might  fairly  be  argued  that  destruction  of  the  cortex  as  well 
as  of  the  medulla  is  necessary  before  death  occurs.  The  benefit 
obtained  by  Rowntree  and  others  in  the  treatment  of  the  disease 
with  the  cortical  hormone  prepared  by  Swingle  and  Pfiffner  also 
supports  the  belief  that  Addison’s  disease  is  hypo-cortico-adrenalism 
(Cameron,  1933).  The  low  blood-pressure  and  hypoglycaemia  of 
Addison’s  disease  might  naturally  suggest  that  involvement  of  the 
medulla  and  deficiency  of  adrenaline  are  in  part  responsible  (Harrop 
and  Weinstein,  1933),  especially  as  the  medicinal  use  of  the  cortical 
hormone  does  not  raise  the  systolic  pressure,  though  it  restores 
muscular  power  (L.  Simpson,  1932).  On  the  other  hand,  as  (i)  high 
blood-pressure  is  one  of  the  most  constant  associated  clinical  features 
of  Cushing’s  syndrome  of  pituitary  basophilism,  and  (ii)  as  there  is 
fair  evidence  that  the  scarcity  of  basophil  cells  in  the  anterior 
pituitary  is  secondary  to  a  destructive  lesion  of  the  adrenal  cortex, 
Crooke  and  Russell  (1935)  argue  that  the  low  blood-pressure  in 
Addison’s  disease  is  primarily  due  to  the  lesion  of  the  cortex  and 
directly  to  the  diminution  of  the  basophil  cells  in  the  anterior  pitui¬ 
tary,  and  that  hypoglycaemia  is  similarly  brought  about. 

Abelous,  J.  E.,  et  Langlois,  P.,  Arch,  de  physiol,  norm,  et  path.,  Paris,  1892, 
5  s.,  iv.  269,  465;  Bittorf,  A.,  Die  Pathologie  d.  Nebennieren  u.  Morbus  Addi- 
sonii,  Jena,  1908;  Bramwell,  B.,  Brit.  Med.  Journ.,  1897,  i.  1 ;  Brenner,  O., 
Quart.  Journ.  Med.,  Oxford,  1928-9,  xxii.  121 ;  Brown-Sequard,  C.  E.,  Journ. 
de  la  physiol,  d.  Vhomme,  Paris,  1858,  i.  160;  Cameron,  A.  T.,  Recent  Advances 
in  Endocrinology,  Lond.,  1933,  p.  204;  Crooke,  A.  C.,  and  Russell,  D.  S., 
Journ.  Path,  and  Bacteriol.,  Edin.,  1935,  xl.  255;  Elliott,  T.  R.,  Quart.  Journ. 
Med.,  Oxford,  1914-15,  viii.  63;  Fahr,  T.,  und  Reiche,  F.,  Frankfurt.  Ztschr. 
f.  Path.,  Wiesb.,  1919-20,  xxii.  231 ;  Hansemann,  D.,  Berlin,  klin.  W chnschr ., 
1896,  xxxiii.  296;  Harrop,  G.  A.,  and  Weinstein,  A.,  Journ.  Exper.  Med., 
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N.Y.,  1933,  lvii.  305 ;  Karakascheff,  K.  I.,  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path., 
Jena,  1904,  xxxvi.  401;  1906,  xxxix.  373;  Scott,  S.  G.,  Journ.  Path,  and 
Bacteriol.,  Edin.,  1913-14,  xviii.  419;  Simpson,  S.  L.,  Quart.  Journ.  Med., 
Oxford,  1932,  n.s.,  i.  99;  Wells,  H.  G.,  Arch.  Path.,  Chicago,  1930,  x.  499; 
Wiesel,  J.,  Ztschr.f.  Heilk.,  1903,  xxiv. 

Clinical  Manifestations.  The  onset  is  very  gradual  except  in 
cases  in  which  acute  degenerative  changes  occur  in  previously 
damaged  adrenals.  The  disease  has  been  divided  into  three  stages 
(Greene,  1931):  (1)  a  latent  period  during  which  active  changes  in 
the  adrenals  are  in  progress,  (2)  when  the  syndrome  can  be  recog¬ 
nized,  and  (3)  the  period  of  crises.  A  large  number  of  signs  and 
symptoms  have  been  described;  Levy  Simpson  (1934)  tabulated  50. 

Cutaneous  pigmentation  may  for  years  precede  the  onset  of  the 
constitutional  symptoms  of  weakness,  low  blood-pressure,  gastro¬ 
intestinal  symptoms,  and  crises.  It  occurs  especially  in  areas  exposed 
to  light  and  irritation,  for  example  on  the  backs  rather  than  the 
palms  of  the  hands,  the  shoulders  from  the  pressure  of  braces  and  the 
knees  from  that  of  garters,  and  in  connexion  with  blisters.  In  some  of 
the  early  cases  special  insistence  was  laid  on  the  depth  of  pigmentation 
around  the  genitals.  Greenhow  attached  much  diagnostic  importance 
to  the  presence  of  the  small  black  spots,  mentioned  by  Addison 
(1855),  and  once  called  ‘Greenhow's  spots’;  but  they  are  of  doubtful 
significance.  Scars  are  usually  not  pigmented,  but  the  surrounding 
skin  is.  The  degree  of  bronzing  may  vary  from  time  to  time.  Pigmenta¬ 
tion  was  present  for  seven  years  in  a  case  of  Gull’s  (1865),  and  in  a 
case  reported  by  Goodhart  in  1882  for  eight  years.  On  the  other  hand, 
cases  running  a  rapid  course  may  be  free  from  bronzing.  As  Addison 
pointed  out,  leucodermia  may  be  combined  with  bronzing.  Sergent’s 
‘white  line’,  the  converse  of  the  ‘tache  cerebrate’,  after  mechanical 
irritation  is  not  of  any  diagnostic  value.  Pigmentation  of  mucous 
membranes,  of  the  lips  along  the  line  of  contact,  the  gums,  the  inside 
of  the  cheeks,  and  the  tongue  is  extremely  common  but  not  absolutely 
constant,  and  has  been  thought  to  be  brought  out  by  irritation,  for 
example  of  a  carious  sharp  tooth  in  contact  with  the  cheek.  Maranon 
laid  stress  on  pigmentation  of  the  gum  around  the  second  upper 
incisors.  Although  the  skin  around  the  pudenda  and  anus  is  often 
pigmented  the  mucous  membrane  of  the  vagina  and  rectum  has 
been  stated  not  to  be  pigmented  (Rowntree  and  Snell,  1931). 

There  is  asthenia  of  the  body  as  a  whole,  of  voluntary  and  in¬ 
voluntary  muscles ;  that  of  the  cardiovascular  system  is  specially 
important  on  account  of  the  tendency  to  syncope,  which  may  be  fatal. 
A  low  blood-pressure  is  the  rule ;  the  systolic  pressure  is  usually  90 
to  100  mm.  Hg;  when  below  70  the  condition  is  extremely  critical. 
The  blood-pressure  is  much  affected  by  posture.  In  cases  with  pig- 
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mentation  and  asthenia  a  raised  pressure  has  exceptionally  been  re¬ 
corded  (Janeway,  1904;  Porak,  1918;  Vedel,  Vidal,  and  Chaptal, 
1928)  and  has  been  ascribed  to  irritation  of  the  solar  plexus;  but  if 
this  were  a  cause,  a  raised  pressure  should  be  frequent  in  the  disease. 
Kovacs  (1927)  suggested  that  in  adrenal  atrophy  low  blood-pressure 
and  muscular  asthenia  are  not  so  prominent  as  in  tuberculous  in¬ 
vasion  ;  but  Guttman’s  analysis  of  68  collected  cases  of  adrenal 
atrophy  did  not  support  this  view. 

Severe  crises  with  intense  weakness,  sighing,  Biot’s  breathing, 
hiccup,  nausea,  vomiting,  abdominal  pain,  extremely  low  blood- 
pressure,  collapse,  accompanied  by  a  loss  of  sodium  chloride,  de¬ 
hydration,  elevation  of  the  blood  urea  and  potassium  salts  are  prone 
to  follow  mild  infections,  toxaemias,  even  slight  operations,  over- 
exertion,  and  some  drugs  such  as  thyroid.  The  abdominal  pain  may 
suggest  appendicitis  or  peritonitis,  the  syndrome  pseudo-appendi- 
culaire  (Nattan-Larrier,  1906) ;  abdominal  symptoms  are  said  to  be 
specially  prominent  in  children  (Finkelstein,  1909).  These  crises  may 
come  on  quite  suddenly  and  are  emergencies  requiring  prompt  treat¬ 
ment  with  adrenal  cortex  hormone  and  sodium  chloride  (Snell,  1934). 
Intravenous  injections  are  rendered  difficult  by  the  disappearance  of 
visible  subcutaneous  veins  during  the  crises.  In  the  intervals  between 
the  crises  there  is  general  weakness  which  increases  until  in  the  late 
stages  the  patient  is  too  tired  to  sit  up  and  remains  in  bed.  Slight- 
digestive  disturbance,  loss  of  appetite,  achlorhydria  and  constipation 
are  common,  and  sometimes  there  is  a  craving  for  common  salt  and 
highly  spiced  food  (Snell,  1934).  Insomnia  and  drowsiness  are 
frequent,  and  the  mentality  may  become  confused.  The  voice  be¬ 
comes  weak  and  talking  a  burden ;  hearing  and  vision  may  be  im¬ 
paired.  Loss  of  weight  and  sensitiveness  to  cold  occur,  and  the  body 
temperature  is  often  depressed.  Loss  of  sexual  desire  and  power, 
dysmenorrhoea  or  amenorrhoea  usually  follow  when  the  disease  is 
well  established. 

Blood.  Anaemia  is  infrequent.  The  red-cell  count  may  be  some¬ 
what  increased  from  concentration  of  the  blood  due  to  failure  of 
cortical  function,  vomiting,  and  attacks  of  diarrhoea.  A  lympho¬ 
cytosis  has  been  described  and  associated  with  hyperplasia  of  the 
lymphatic  system.  The  blood  urea  is  increased,  especially  during  the 
crises,  the  sodium  and  chlorides  diminished,  and  the  potassium  in¬ 
creased  (Loeb,  1932).  The  severe  dehydration  has  been  thought  to 
explain  the  acidosis  which  is  so  frequent  in  the  terminal  stages  of  the 
disease  (Maranon  and  Morros,  1929).  Increased  lactic  acid  in  the 
blood  after  exercise  may  be  explained  as  due  to  failure  of  the  liver  to 
transform  lactic  acid  into  glycogen  (Buell  and  Strauss,  1934). 

Hypoglycaemia  was  pointed  out  by  Porges  (1910)  and  Bernstein 
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(1911).  Adrenaline  and  insulin  are  antagonistic  ;  adrenaline  tends  to 
mobilize  sugar  from  the  liver,  whereas  insulin,  to  which  and  thyroid 
preparations  the  subjects  of  Addison’s  disease  are  hypersensitive, 
(Maranon,  1922)  causes  a  fall  in  the  blood-sugar.  The  combination 
of  Addison’s  disease  and  diabetes  mellitus  is  very  rare. 

Among  800  recorded  cases  Heller  (1907)  found  1  only,  that  reported 
by  Nothnagel  (1885).  Arnett  (1927)  recorded  a  case,  and  threw  doubt 
on  the  5  previously  recorded,  explaining  West’s  (1890)  and  Rabe’s 
(1900)  cases  as  due  to  haemocliromatosis. 

Urine.  The  urinary  phenomena  have  been  specially  investigated 
at  the  Mayo  Clinic.  During  the  crises  the  output  is  diminished  and 
evidence  of  renal  inadequacy  has  been  shown  by  the  phenolsulphon- 
phthalein  test.  Casts  are  not  infrequent,  and  albumin  in  small 
amount  is  fairly  common.  Creatinuria  was  found  in  3  cases  by 
Rowntree  and  Snell  (1931). 

The  basal  metabolic  rate  is  most  frequently  — 7  to  — 8  per  cent. 
(Green,  1931).  In  51  cases  the  basal  metabolic  rate  was  found  to  be 
normal  in  66  per  cent.,  depressed  in  23-5  per  cent.,  and  raised  in 
10  per  cent.  (Maranon,  Pina,  and  Florid,  1935).  The  Spanish  ob¬ 
servers  found  that  adrenaline  raised  the  basal  metabolic  rate,  whereas 
cortical  hormone  did  not  do  so  and  indeed  sometimes  lowered  it. 
There  was  not  any  relation  between  the  metabolic  rate  and  the 
clinical  state. 

The  presence  of  calcification  in  tuberculous  adrenals  was  shown 
radiologically  in  1914  (Rolleston  and  Boyd)  and  has  been  thoroughly 
investigated  at  the  Mayo  Clinic,  where  Rowntree  and  his  fellow 
workers  referred  to  about  nine  other  recorded  examples,  and  examined 
the  adrenals  in  23  cases  after  death,  6  showing  increased  density,  and 
found  X-ray  evidence  of  calcification  in  6  cases  during  life.  Theodore 
Thompson  (1878-1935)  in  1930  reported  a  case,  and  in  2  other  cases 
of  Addison’s  disease  obtained  negative  results,  the  necropsies  show¬ 
ing  simple  atrophy.  In  a  doubtful  case  radiological  evidence  of  calci¬ 
fication  may  be  regarded  as  strongly  in  favour  of  the  diagnosis,  and 
in  an  otherwise  established  case  absence  of  a  shadow  points  to  simple 
atrophy.  A  shadow  due  to  adrenal  calcification  must  be  distinguished 
from  those  due  to  calcification  of  para-aortic  and  mesenteric  lym¬ 
phatic  glands,  of  the  upper  pole  of  the  kidneys,  and  of  pancreatic 
calculi  (Beutel,  1934). 

The  term  Addisonism  was  employed  by  Boinet  (1897)  for  a  group 
of  symptoms  not  uncommon  in  chronic  pulmonary  tuberculosis — 
pigmentation  and  debility — suggesting  but  falling  short  of  the  clinical 
picture  of  Addison’s  disease.  Fruste  or  incomplete  cases  were  de¬ 
scribed  by  Dieulafoy  (1839-1911)  in  1907,  for  example  those  in  which 
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cutaneous  pigmentation  was  absent,  but  adrenal  lesions  were  found 
after  death.  The  course  of  these  incomplete  cases  may  be  much 
prolonged. 

Duration.  Guttman  (1930)  from  analysis  of  566  collected  cases 
up  to  1929  found  a  great  difference  in  the  duration  of  the  disease  in 
adrenal  tuberculosis  (13  months)  and  in  atrophy  (34  months). 
Langdon  Brown  (1906)  found  the  duration  of  cases  with  atrophy 
somewhat  longer.  Conybeare  and  Millis  (1924)  also  found  the  course 
more  prolonged  in  atrophy  than  in  tuberculosis ;  individual  cases  of 
prolonged  duration  of  13  years  (Roloff,  1891)  and  14  years  (Philips, 
1899)  have  been  recorded.  On  the  other  hand,  Snell  (1934)  argued 
that  the  adenomas  of  the  cortex  which  are  frequent  in  adrenal  tuber¬ 
culosis  (N.W.  Barker,  1929)  may  lead  to  prolonged  survival;  he  re¬ 
corded  a  case  of  17  years  duration,  treated  first  by  adrenaline  and 
later  by  the  cortical  hormone,  with  shadows  of  calcified  adrenals ;  a 
similar  case  of  thirteen  years  duration  was  reported  by  Eaure-Beau- 
lieu,  Lyon-Caen,  and  Brunei  (1934).  Cases  without  pigmentation 
run  a  more  rapid  course  than  those  with  well-marked  bronzing. 

Several  hypotheses  have  been  put  forward  to  explain  improvement 
during  pregnancy,  such  as  the  physiological  enlargement  during  that 
period  of  the  adrenal  cortex,  of  the  anterior  pituitary,  or  a  com¬ 
pensatory  action  of  the  cells  of  the  corpus  luteum  which  morpho¬ 
logically  resemble  those  of  the  adrenal  cortex. 

Prognosis.  In  spite  of  the  beneficial  effect  of  the  cortical  hormone 
combined  with  an  increased  intake  of  common  salt  during  the  crises, 
the  eventual  outlook  is  still  extremely  grave.  There  has  been  some 
difference  of  opinion  whether  atrophy  or  tuberculosis  of  the  adrenals 
more  rapidly  proves  fatal ;  but  if  atrophy  be  so  regarded,  some 
assistance  in  prognosis  might  be  obtained  by  the  detection  of 
calcification  in  tuberculous  adrenals ;  a  skiagram  showing  a  shadow 
in  the  position  of  the  adrenals  might  then  justify  a  slightly  less  dismal 
prognosis. 

Prolongation  of  life  would  be  favoured  by  treatment  with  the 
cortical  hormone  and  salt,  and  by  protection  from  factors,  such  as 
infection  and  fatigue,  which  may  precipitate  crises. 

According  to  Snell  (1933)  the  patients  with  tuberculous  adrenals 
are  now  living  longer,  and  as  a  result  the  occurrence  of  tuberculous 
lesions  in  other  parts  of  the  body  is  becoming  important.  Operations 
are  borne  badly,  and  patients  with  tuberculous  adrenals  may  develop 
elsewhere  in  the  body  tuberculous  or  other  conditions  requiring 
operative  treatment.  Greene,  Walters,  and  Rowntree  (1933)  could 
not  find  any  record  of  a  successful  major  operation  in  an  undoubted 
case  of  Addison’s  disease ;  they  reported  a  survival  after  an  operation 
for  tuberculous  epididymitis,  the  cortical  hormone  being  given  before 
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and  after  the  operation.  Cases  presumably  due  to  syphilis  are  said 
to  run  a  more  favourable  course  than  the  others.  The  liability  to 
sudden  death  must  be  borne  in  mind ;  this  was  pointed  out  by 
Langdon  Down  in  1869. 

Diagnosis .  The  diagnosis  presents  considerable  difficulties  in  early 
cases  with  slight  pigmentation,  weakness,  a  rather  low  blood-pres¬ 
sure,  as  in  neurasthenic  states  and  postural  hypotension.  Pigmenta¬ 
tion  may  be  due  to  a  large  number  of  causes,  such  as  ’vagabond’s 
disease’  in  ‘elderly  persons  of  very  indigent  circumstances  and  un¬ 
cleanly  habits,  especially  when  infested  with  vermin’  (Greenhow 
1875) ;  in  abdominal  malignant  disease  and  in  uterine  and  ovarian 
tumours,  in  which  there  is  pressure  on  the  sympathetic  and  the 
adrenals ;  in  the  rare  condition  of  acanthosis  nigricans  usually 
associated  with  intra-abdominal  new  growths  in  which,  however, 
the  skin  is  thickened;  in  haemochromatosis  (diabete  bronze);  in 
malarial  melanaemia  ;  in  argyria  it  was  formerly  exceptional ;  70  cases, 
however,  have  been  collected  as  the  result  of  the  indiscriminate  use  of 
organic  and  colloidal  silver  compounds  (Gaul  and  Stand,  1935) ; 
some  cases  of  chronic  arthritis ;  as  the  result  of  prolonged  courses  of 
arsenic  ;  pellagra  ;  in  pregnancy ;  sometimes  in  chronic  renal  disease; 
in  those  much  exposed  to  the  sun  or  fire,  such  as  that  of  blast  fur¬ 
naces.  In  the  past  difficulty  appears  to  have  arisen  in  distinguishing 
the  pigmentation  of  Addison’ s  disease  from  the  late  results  of 
jaundice.  (For  radiological  diagnosis  see  p.  351.) 

The  combination  of  Addison’s  disease  and  toxic  goitre  has  been 
several  times  reported  (Etienne,  1910) ;  Chauffard  and  Girot,  1925 ; 
Etienne  and  Richards,  1926).  I  have  seen  this  diagnosis  made  in  a 
case  probably  of  toxic  goitre  only,  and  this  explanation  should  be 
considered  when  Addison’s  disease  is  thought  to  supervene  on  pre¬ 
vious  toxic  goitre  {vide  p.  244).  In  another  group  of  cases  Addison’s 
disease  is  said  to  become  later  complicated  by  toxic  goitre  (Etienne 
and  Richards). 

Mistakes  have  also  been  due  to  neglect  to  take  into  account 
hereditary  darkness  of  the  skin.  In  the  natives  of  the  tropics  diag¬ 
nosis  is  difficult. 

The  adrenal  form  of  malaria  described  by  Fraga  (1914),  and  some¬ 
times  called  Fraga’s  syndrome,  is  characterized  by  muscular  weak¬ 
ness,  low  blood-pressure  and  a  rapid  pulse  on  standing.  Cutaneous 
pigmentation  and  a  much-depressed  temperature  may  also  be  pre¬ 
sent. 

In  the  absence  of  bronzing  a  positive  diagnosis  is  especially  diffi¬ 
cult.  Assistance  in  the  diagnosis  may  be  obtained  by  varying  the 
intake  of  common  salt ;  a  diet  poor  in  salt  may  bring  on  the  symp¬ 
toms  in  an  acute  form  (Harrop,  Weinstein,  Soffer,  and  Trescher, 
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1933;  Nettrour  and  Rynearson,  1934;  Wilder,  1934),  and  a  high 
intake  have  the  reverse  effect.  Other  causes  of  wasting,  weakness, 
and  gastro-intestinal  disturbances,  such  as  malignant  disease,  must 
be  ruled  out.  I  he  rapid  onset  of  muscular  fatigue  is  a  prominent 
feature  in  myasthenia  gravis. 
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General  Treatment.  A  protected  life,  free  from  mental  worry 
and  bodily  exertion,  is  desirable,  and  at  times  absolute  rest  in  bed 
becomes  necessary.  Fresh  air  with  care  to  avoid  cold,  and  good  food 
according  to  the  patient’s  ability  to  take  it  are  obviously  suitable. 
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Treatment  of  a  tuberculous  or  syphilitic  background  should  be  on 
simple  lines  rather  than  by  tuberculin  or  arsenobenzol  preparations 
which  may  be  dangerous  from  shock.  It  should  be  borne  in  mind 
that  prolonged  physical  examination  may  be  followed  by  collapse. 
Symptoms  should  be  treated  as  they  arise  ;  for  example,  constipation 
by  enemas  or  mild  laxatives  rather  than  by  vigorous  purgatives ; 
nausea,  vomiting,  and  diarrhoea  by  bismuth  and  morphine. 

Preparations  of  the  adrenal  glands,  such  as  raw  chopped-up  glands 
in  the  form  of  a  sandwich  or  of  extracts,  have  been  prescribed 
widelv  from  about  1894,  and,  since  its  isolation  in  1901,  adrenaline 
was  largely  used;  these  not  only  proved  disappointing  but  vere 
thought  occasionally  to  have  toxic  effects  such  as  tremor  (Boinet, 
1903) ;  Adams  (1903)  from  analysis  of  105  cases,  treated  by  various 
preparations,  found  7  with  alarming  or  fatal  results,  49  without  any 
benefit,  33  with  well-marked  improvement,  and  16  with  permanent 
benefit.  The  most  complete  and  intensive  form  of  this  treatment  was 
that  carried  out  at  the  Mayo  Clinic  by  Rowntree  (1925)  under  the 
name  of  the  ‘  Muirhead  regime’,  in  which  adrenaline  was  given  hypo¬ 
dermically  and  by  the  rectum,  and  the  whole  adrenal  orally  up  to  the 
point  of  tolerance. 

A.  L.  Muirhead  (1866-1921),  professor  of  pharmacology  at  the 
Creighton  University  College  of  Medicine,  Omaha,  came  to  the  Mayo 
Clinic  with  well-marked  Addison’s  disease  and  underwent  this  treat¬ 
ment  with  temporary  benefit,  described  by  Rowntree  (1922)  as 
‘miraculous’,  so  that  the  patient  wrote  An  Autograph  History  of  a 
Case  of  Addison’s  Disease  in  1921.  But,  like  the  vast  majority  of  other 
patients,  after  improvement,  possibly  due  to  rest  and  suggestion,  he 
died  of  the  disease. 

Out  of  about  60  patients  treated  on  these  lines  during  ten  years 
about  half  failed  to  respond,  the  other  half  obviously  improved,  some 
very  much,  others  slightly  and  for  a  short  time  only.  Rowntree 
(1932)  also  treated  12  patients  with  ephedrine,  introduced  by  Chen 
who  suggested  its  trial  in  Addison’s  disease ;  it  had  a  greater  effect 
than  adrenaline  in  raising  blood-pressure,  but  did  not  lead  to  any 
clinical  improvement. 

With  the  increasing  belief  that  the  cortex,  and  not  the  medulla,  of 
the  adrenals  is  the  important  part  of  the  gland,  extracts  of  the  cortex 
have  been  prepared  and  used  since  1920  by  Stewart  and  Rogoff  who 
called  their  preparation  ‘  inter-renalin ’.  Hartman  of  Buffalo  and  his 
associates  reported  good  results  with  their  preparation  cortin  in  1928. 
The  most  satisfactory  cortical  hormone  is  that  made  by  Swingle  and 
Pfiffner  of  Princeton  (1930),  the  trade  name  of  a  preparation  of  the 
cortical  hormone  manufactured  according  to  Swingle  and  Pfiffner  s 
method  being  ‘eschatin’.  A  crystalline  form  of  the  hormone,  almost 
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insoluble  in  water,  was  isolated  in  1934  by  Kendall  and  his  co-workers, 
who  described  two  forms  of  the  hormone,  one  crystalline,  the  other 
much  more  soluble  in  water.  Cortical  extracts  are  usually  given  hypo¬ 
dermically.  Levent  (1935)  recommended  intravenous  injection  of  the 
cortical  hormone,  40  to  60  c.c.  of  the  extract  for  the  first  four  or  six 
days  in  severe  cases  followed  by  a  maintenance  dose  of  3  to  10  c.c. 

Injection  of  very  large  doses  (5,000  dog  units)  of  Swingle  and 
Pfiffner’s  cortical  hormone  daily  for  three  days  in  a  case  of  Addison’s 
disease  produced  very  good  results,  the  patient  being  well  for  6  or  7 
weeks ;  then,  however,  the  treatment  was  unsatisfactory  (Kincov, 
/illessu,  and  Rowntree,  1934).  It  has  therefore  been  concluded  that 
the  use  of  the  cortical  hormone  does  not  constitute  the  whole  treat¬ 
ment  (Maranon,  Collazo,  and  Jimena,  1935). 

The  cortical  adrenal  hormone  is  extremely  effective  in  the  crises  of 
vomiting  and  collapse,  but  is  not  so  successful  in  the  intervals  ;  it  has 
been  suggested  that  continuous  treatment  by  the  cortical  hormone 
may  lead  to  the  production  of  an  anti- hormone  and  favour  the  more 
rapid  recurrence  of  crises  (Rivoire,  1935).  During  the  crises  there  is 
a  fall  in  the  blood  chlorides,  and  the  intravenous  administration  of 
sodium  chloride  has  been  regarded  as  highly  advisable.  This  renders 
a  smaller  dose  of  the  hormone  necessary  during  the  crises  and  its 
use  in  the  intervals  unnecessary  (Snell,  1934).  Of  48  patients  treated 
with  adrenal  cortex  hormone  between  May  1930  and  January  1932, 
32  died.  Wilder  (1934)  suggested  the  use  of  anterior  pituitary 
extract  as  an  adjuvant  to  cortin  as  a  means  of  relieving  sensitiveness 
to  restriction  of  sodium  chloride  injections ;  this  was  the  outcome  of 
the  view  that  adrenal  insufficiency  caused  secondary  inadequacy  of 
the  anterior  pituitary.  The  expense  of  the  cortical  hormone  often 
renders  it  necessary  to  rely  mainly  on  the  salt  treatment,  which  should 
be  carried  on  continuously  and  never  interrupted  ;  it  is  generally  well 
borne ;  if  it  causes  vomiting  it  may  be  taken  in  milk  or  with  sodium 
bicarbonate  (Maranon,  Collazo,  and  Jimena,  1935).  Salts  of  sodium 
other  than  the  chloride  have  been  found  to  be  equally  effective 
(Blankenhorn  and  Hayman,  1935).  Although  adrenalectomized  dogs 
have  been  kept  alive  by  sodium  salts  alone  there  are  some  cases 
of  Addison’s  disease  in  which  the  normal  plasma  electrolyte  levels 
cannot  be  maintained  by  sodium  chloride  alone;  this,  however,  can  be 
effected  by  the  additional  injection  of  the  cortical  hormone  (Harrop, 
Softer,  Nicholson,  and  Strauss,  1935).  The  cortical  hormone  raises 
the  basal  metabolic  rate  when  it  is  very  low  and  exerts  the  same 
calorigenic  effect  as  in  normal  subjects  (Rowntree  and  Snell,  1931). 
Failure  of  response  has  followed  repeated  injections  (Gennes,  1935). 

Intravenous  or  intramuscular  injections  of  hydrochloride  of  cystine 
(10  centigrams)  with  sodium  bicarbonate  in  distilled  water  every 
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other  day  were  found  to  give  remarkably  good  results  by  Eivoire 
(1932  and  1935)  and  by  de  Leobardy  and  Labesse  (1934).  Twelve  out 
of  14  patients  treated  for  three  or  more  years  by  Eivoire  were  alive 
in  1935,  and  showed  a  rise  of  blood-pressure  and  a  diminution  in 
pigmentation. 

Transplantation  of  adrenals  from  animals  or  from  human  beings, 
recently  dead  or  operated  upon  for  nephrectomy,  has  been  performed , 
especially  before  the  active  extract  of  the  cortex  was  made  available 
by  Swingle  and  Pfiffner  in  1930. 

In  1897  Jaboulay  transplanted  the  adrenals  of  dogs  under  the  skin 
of  the  abdominal  wall  of  two  patients  who,  however,  died  within 
24  hours.  Currie  in  1924  reported  success  from  transplantation  of 
a  sheep’s  adrenal ;  unsuccessful  animal  transplantations  have  been 
recorded  (Courmont;  Bra).  Implantation  of  adrenals  obtained  fiom 
persons  recently  dead  have,  with  few  exceptions,  such  as  one  repoited 
by  Pybus  (1924),  given  little  if  any  benefit  and  then  temporary  only. 
In  one  case  improvement  followed  a  graft  made  under  the  skin  m  the 
inguinal  region,  but  at  the  necropsy  later  the  adrenals  were  healthy, 
and  death  was  ascribed  to  hepatic  cirrhosis  and  pernicious  anaemia 
(Hurst,  Tanner,  and  Osman,  1922  ;  Conybeare  and  Millis,  1924  ;  Hurst, 
1934).  Pybus  also  reported  an  unsuccessful  case.  D’Abreu  (1933) 
made  two  grafts,  first  from  a  man  and  later  from  a  baby,  into  a  patient 
who  died  nine  days  after  the  second.  Hamilton  Bailey  (1935)  reported 
great  immediate  improvement  with  a  graft  from  a  new-born  infant. 
Other  cases  have  been  published,  for  example,  by  Currie  (1924),  but 
not  fully  followed  up.  An  adrenal  obtained  from  a  case  of  nephrectomy 
for  tuberculous  disease  was  implanted  with  benefit  into  a  patient  by 
Beinhard  (1928).  Transplantation  of  the  adrenal  cortex  only,  obtained 
during  operations  on  the  kidney,  was  reported  in  two  cases,  with 
benefit  in  one,  by  Beer  and  Oppenheimer  (1934). 

X-Rays.  Benefit  from  50  small  doses  of  X-rays  in  sixty  days  was 
reported  by  Gobulinin  (1905). 
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Transplantations  of  Adrenals. 
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ADRENAL  INSUFFICIENCY 

(i)  Acute;  (ii)  Chronic 

(i)  Acute  Adrenal  Insufficiency.  Death  has  been  ascribed  to 
acute  adrenal  insufficiency  brought  about  in  various  ways,  such  as 
bilateral  haemorrhage  into  the  adrenals  (vide  p.  383)  both  in  the  new¬ 
born  and  later  in  life,  and  thrombosis  of  the  adrenal  vessels.  Cases  in 
which  the  brunt  of  an  acute  infection  or  toxaemia  falls  on  the  adrenals 
and  causes  degenerative  changes  in  the  cortex  and  medulla  were 
described  in  1899  by  Leon  Bernard  (1872-1934)  and  E.  Sergent  as 
pure  acute  adrenal  insufficiency  and  as  distinct  from  Addison’s  dis¬ 
ease.  It  should,  however,  be  borne  in  mind  that  acute  adrenal  in¬ 
sufficiency  is  responsible  for  the  crises  in  the  course  of  the  chronic 
adrenal  inadequacy  of  Addison’s  disease. 

Acute  adrenal  insufficiency  was  recorded  in  association  with,  and 

ascribed  to,  a  cortical  adenoma  (Rimbaud,  1933). 

Loeb,  Atchley,  Benedict,  and  Leland  (1933)  gave  the  first  rational 
explanation  of  the  mechanism  of  adrenal  insufficiency,  namely,  that 
it  is  a  primary  loss  of  sodium  by  the  kidneys. 

The  clinical  manifestations  of  acute  adrenal  insufficiency  vary 
somewhat:  urgent  abdominal  symptoms;  severe  epigastric  pain, 
vomiting,  shock;  extreme  muscular  asthenia  imitating  paralysis 
(Bernard,  1913) ;  convulsions  and  coma ;  low  blood -pressure,  dehydra¬ 
tion  and  collapse.  Writing  on  the  pseudo-meningitic  form  of  acute 
adrenal  insufficiency  Sergent  (1903)  regarded  as  pathognomonic  of  the 
condition  the  sign  of  the  white  line  ’  which  is  the  reverse  of  the  tache 
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cerebrate ;  he  correlated  the  reflex  capillary  spasm  with  the  low  blood- 
pressure.  Leon  Bernard  (1907),  Lautier  and  Gregoire  (1910),  Sezary 
(1922),  Lucien,  Parisot,  and  Richard  (1929),  have  contested  this 
view  on  the  grounds  that  the  white  line  is  not  constant  in  adrenal 
insufficiency  and  can  be  obtained  in  other  conditions. 

Treatment  should  be  symptomatic  in  combating  collapse  by  rest, 
warmth  as  in  adrenal  haemorrhage  (vide  p.  383)  and  by  the  adminis¬ 
tration  of  adrenal  preparations. 

Bernard,  L.,  Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris,  1907,  3  s.,  xxiv.  866; 
idem,  Presse  med.,  Paris,  1913,  xxii.  897 ;  Bernard,  L.,  et  Sergent,  E.,  Arch, 
gen.  de  med.,  Paris,  1899,  ii.  27;  Loeb,  R.  F.,  Atchley,  D.  W.,  Benedict, 
E.M.,  and  Leland,  J.,  Journ.  Exper.  Med.,  N.Y.,  1933,  lvii.  775;  Rimbaud,  P., 
Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris,  1933,  3  s.,  lvii.  404 ;  Sergent,  E.,  Presse 
med.,  Paris,  1903,  xi.  813. 

(ii)  Chronic  Adrenal  Insufficiency  has  been  regarded  as  the 
basis  of  various  morbid  conditions  other  than  frank  Addison  s  disease. 
Boinet  (1897)  used  the  name  ‘  Addisonism 5  for  cases  which  might  well 
be  regarded  as  coming  into  the  group  of  fruste  or  incomplete  Addison  s 
disease  (vide  p.  351),  and  were  described  when  deficiency  of  the 
adrenal  medulla  rather  than  of  the  cortex  was  recognized.  Various 
forms  of  chronic  adrenal  insufficiency  have  been  described.  Features 
common  to  the  forms  are  probably  low  blood-pressure,  low  metabolic 
rate  (Maranon,  1934),  low  blood  content  of  cholesterol  (Maranon  and 
Collazo,  1935),  loss  of  muscular  power. 

Packard  and  Wechsler  (1933,  1934)  described  cases  of  degeneration 
of  the  adrenal  cortex  with  a  clinical  picture  differing  somewhat  from 
that  of  Addison’s  disease,  especially  as  regards  lowering  of  the 
systolic  blood-pressure. 

In  a  case  of  hunger  oedema  with  great  emaciation  and  widespread 
absence  of  fat,  degeneration  of  the  adrenal  cortex  was  found.  This 
clinical  picture,  especially  as  regards  the  disappearance  of  fat,  was 
compared  with  that  produced  by  bilateral  experimental  adrenalectomy 
(Marine  and  Baumann,  1922;  Jaffe,  1926).  In  the  following  year 
(1934)  the  authors  described  three  more  cases  with  profound  loss  of 
appetite,  extreme  weakness,  loss  of  weight,  vacuolar  degeneration 
of  the  adrenal  cortex  with  areas  of  necrosis  and  degeneration,  and 
atrophy  of  the  internal  organs.  In  three  out  of  the  four  cases  the 
systolic  blood-pressure  was  not  low,  and  pigmentation  was  absent 
in  all. 

Deficiency  of  adrenaline  secretion  has  also  been  suggested  as 
responsible  for  morbid  states  characterized  by  debility  and  low  blood- 
pressure,  such  as  neurasthenia  (Carmalt  Jones,  1919),  and  cyclical 
albuminuria.  Asthma,  as  the  beneficial  effect  of  adrenaline  would 
suggest,  has  been  ascribed  to  adrenal  insufficiency  (Drummond,  1923). 
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Burn  (1934)  put  forward  the  view  that  the  allergic  state  in  general, 
and  the  disposition  to  asthma  in  particular,  are  due,  not  to  the  pre¬ 
sence  of  abnormal  substances  in  the  circulation,  but  to  a  deficient 
amount  of  adrenaline  in  the  blood,  as  the  result  of  which  histamine 
is  liberated  from  damaged  cells  and  causes  the  manifestations. 

Infantilism  has  been  ascribed  to  adrenal  insufficiency  (Morlat, 
1903).  Apert  (1933)  rather  hesitatingly  described,  as  due  to  adrenal 
deficiency,  a  case  of  infantilism  in  a  girl  with  well-marked  pigmenta¬ 
tion,  and  dramatic  improvement  after  powdered  adrenal  gland  by  the 
mouth.  Variot  and  Pironneau  (1910)  tentatively  ascribed  to  adrenal 
insufficiency  a  case  of  senile  dwarfism  which,  however,  now  appears 
to  be  an  example  of  Hastings  Gilford’s  progeria  (Simmonds’s  disease). 

A  case  of  hypoglycaemia  was  regarded  as  due  to  insufficiency  of  the 
medulla  which  was  occupied  by  a  lymphoid  growth  (Rabinovitch 
and  Barden,  1932). 

In  schizophrenia  (dementia  praecox),  which  is  often  associated 
with  genital  hypoplasia,  changes  in  several  ductless  glands  have  been 
reported.  Mott  and  Hutton  (1923)  found  changes  in  the  adrenal 
medulla,  the  gonads,  and  the  pituitary.  Benefit  has  been  reported 
from  the  medicinal  use  of  adrenaline.  But  to  conclude  that  schizo¬ 
phrenia  is  due  to  insufficiency  of  the  adrenal  medulla,  would  be  to 
take  a  very  narrow  view  of  its  aetiology. 

Apert,  E.,  Infantilism,  English  translation  by  R.  W.  B.  Ellis,  Lond.,  1933, 
p.  41 ;  Boinet,  E.,  Rev.  de  med.,  Paris,  1897,  xvii.  136;  Burn,  J.  H.,  Proc.  Roy. 
Soc.  Med.,  Bond.,  1933,  xxvii.  31 ;  Drummond,  T.,  Brit.  Med.  Journ.,  1923,  i. 
320;  Jones,  D.  W.  C.,  Brain,  Lond.,  1919,  xlii.  171 ;  Jaffe,  H.  L.,  Am.  Journ. 
Physiol.,  1926,  lxxviii.  453;  Leyton,  O.,  Practitioner,  1933,  cxxx.  466;  Loeb, 
R.  J .,  Atchlea ,  D.  W  .,  Benedict,  E.  M.,  and  Leland,  J.,  Journ.  Exper.  Med., 
NA  .,  1933,  lvii.  775;  Maranon,  G.,  Acta  med.  lat.,  Paris,  1934,  97;  Mara- 
non,  G.,  et  Collazo,  S.  A.,  Rev.frang.  d'endocrinol.,  Paris,  1935,  xiii.  1 ;  Marine, 
D.,  and  Baumann,  E.  J.,  Am.  Journ.  Physiol.,  1922,  lix.  358;  Morlat,  These 
de  Paris,  1903;  Mott,  F.  W.,  and  Hutton,  I.  E.,  Brit.  Med.  Journ.,  1923,  ii. 
95;  Packard,  M.,  and  Wechsler,  H.  F.,  Am.  Journ.  Med.  Sc.,  Phila.,  1933, 
cIxxxyl  66;  idem,  Arch.  Int.  Med.,  Chicago,  1934,  liv.  18;  Rabinovitch,  J., 
and  Barden,  F.  W.,  Am.  Journ.  Med.  Sc.,  Phila.,  1932,  clxxxiv.  494;  Variot 
et  Pironneau,  Bull.  Soc.  pediat.  de  Paris,  1910,  xii.  307. 


Hyperadrenalism 

Obliterative  arteritis,  thrombo-angiitis  obliterans  (Buerger’s 
disease,  1908),  Raynaud  s  disease,  and  spontaneous  gangrene  have 
been  ascribed  to  increased  adrenalin aemia.  In  1912,  at  a  congress  of 
Russian  surgeons,  in  a  paper  on  spontaneous  gangrene  S.  S.  Girgolov 
described  a  larger  amount  of  vasoconstrictor  substance  in  the  blood 
serum  of  patients  with  spontaneous  gangrene  than  in  normal  per¬ 
sons,  and  therefore  recommended  that  to  counteract  this  vasocon- 
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strictor  influence  X-ray  exposures  of  the  adrenals  should  be  employed. 
After  delay  due  to  the  War  and  the  revolution  V.  A.  Oppel  of  Lenin¬ 
grad,  on  September  21 , 1921,  did  the  first  of  200  adrenalectomies  with 
a  10  per  cent,  mortality  for  this  disease,  gangraena  arteriitica  supra- 
renalis.  In  1925  Leriche  of  Strasbourg  started  this  form  of  treatment. 
It  has  been  objected  that  removal  of  one  adrenal  is  a  temporary 
remedy  only,  as  it  may  be  followed  by  hypertrophy  of  the  other 
gland ;  but  this  criticism  has  been  met  by  the  argument  that  what 
may  occur  in  a  healthy  experimental  animal  does  not  necessarily 
apply  to  a  human  patient  (Strieker,  1934). 

Arterial  hypertension,  long  surmised  to  be  due  to  excess  of 
adrenaline  poured  out  by  the  adrenal  medulla,  has  a  curious  relation 
to  adrenal  tumours.  It  has  been  found  to  occur  paroxysmally  in 
primary  chromaffin  tumours  (phaeochromocytomas)  of  the  adrenal 
medulla  ( vide  p.  375)  and  to  be  associated  with  a  persistent  high 
blood-pressure  in  a  few  primary  growths  of  the  adrenal  cortex  (vide 
p.  374).  There  is,  however,  some  evidence  that  both  the  hyperplasia 
of  the  adrenal  cortex  and  the  arterial  hypertension  may  be  due  to  an 
increase  in  the  number  of  basophil  cells  in  the  pituitary  (Cushing, 
1933;  Russell,  Evans,  and  Crooke,  1934). 

Congenital  hypertrophic  stenosis  of  the  pylorus  has  been 
ascribed  to  prolonged  ante-natal  spasm  induced  by  excess  of  adrena¬ 
line  in  the  blood  (Gray  and  Pirie,  1919).  This  suggestion  has  not 
attracted  much  notice,  and  it  may  be  mentioned  that  the  opposite 
condition,  namely,  hypervagotonus,  has  been  tentatively  suggested  by 
Cushing  (1932). 

Cushing,  H.,  Papers  relating  to  the  Pituitary  Body,  Hypothalamus  and  Para¬ 
sympathetic  Nervous  System,  Springfield,  1932,  p.  210;  idem,  Am.  Journ.  Path., 
Boston,  1933,  ix.  539;  Gray,  H.  T.,  and  Pirie,  G.  R.,  Lancet,  1919,  ii.  513; 
Oppel,  V.  A.,  ibid.,  1922,  ii.  116;  Russell,  D.,  Evans,  H.,  and  Crooke,  A.  C., 
ibid.,  1934,  ii.  240;  Stricker,  P.,  Journ.  de  chir.,  Paris,  1934,  xliv.  513. 

Adreno -Cortical  Syndrome 

Synonyms:  Adrenal  Virilism;  Adreno -Genital  Syndrome; 

Adrenal  Hirsutism  (Krabbe,  1921). 

Recognition  of  the  association  of  masculinization  with  hyperplasia 
or  adenomas  of  the  adrenal  cortex  dates  from  Bulloch  and  Sequeira’s 
collection  (1905)  of  11  cases  (2  males)  in  children  under  the  age  of  15. 
In  France  Apert  in  1910  adopted  this  view  and  introduced  the  term 
adrenal  virilism,  Gallais  in  1912  and  1914  wrote  on  the  genito- adrenal 
syndrome,  and  in  the  latter  year  Tuffier  (1857-1929)  reported  an 
operation  on  a  case  of  adrenal  virilism.  But  in  1916  Blanchard  (1857- 
1919)  contested  the  adrenal  factor  in  virilism  and  ascribed  the  mani¬ 
festations  to  the  interstitial  cells  of  the  ovary.  Pierre  Marie  at  the 
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time  supported  Blanchard’s  contention,  but  it  has  not  received  any 
further  confirmation.  The  symptoms  can  hardly  be  explained  by  the 
obvious  suggestion  of  an  excess  of  the  cortical  hormone,  for  large 
doses  have  not  been  followed  by  any  bad  results  ;  the  question  of  an 
unknown  hormone  or  of  an  abnormal  hormone  which,  according  to 
Kendall,  might  be  possible  from  a  chemical  point  of  view,  has  been 
raised  (Kepler,  1935).  The  question  of  the  nature  of  the  adreno¬ 
cortical  syndrome  and  of  Cushing’s  syndrome  is  referred  to  on  p.  104, 
where  it  is  suggested  that  they  both  are  due  to  an  upset  of  the  endo¬ 
crine  balance,  caused  by  proliferation  of  the  cells  of  the  adrenal  cortex 
in  the  one  case  and  by  the  presence  of  a  pituitary  adenoma  in  the 
other. 

A  painting  (No.  646)  by  Juan  Carreno  (1614-85)  in  the  Museo  del 
Prado,  Madrid,  clearly  suggests  this  condition  (Fig.  7). 

The  clinical  picture  of  the  adreno-cortical  syndrome  due  to  cortical 
hyperplasia,  adenoma,  or  malignant  growth  varies  with  (a)  the  age 
at  which  the  morbid  change  begins,  becoming  progressively  less 
extensive  with  the  advance  of  years,  and  ( b )  the  sex  of  the  subject, 
the  masculinizing  effect  being  manifested  in  both  sexes,  in  females 
throughout  life,  in  males  in  childhood  only. 

Age.  (i).  When  the  adrenal  change  is  congenital  and  commences 
before  the  sexes  are  distinguished,  there  is  often  feminine  pseudo¬ 
hermaphroditism  (ovaries  and  uterus  internally  and  externally  an 
approach  to  the  male  type  with  a  large  clitoris).  The  adrenals  show 
bilateral  hyperplasia,  or  there  may  be  hyperplasia  of  accessory 
adrenals.  In  Glynn’s  (1912)  collection  of  13  cases  with  pseudo¬ 
hermaphroditism  all  but  1  were  females,  and  showed  hirsuties  of  the 
male  type.  This  condition  has  been  found  in  two  members  of  the 
same  family  (Ogston,  1872).  Individuals  with  this  condition  may  live 
to  an  advanced  age. 

A  withered  woman,  aged  70,  had  retention  of  urine  requiring 
catheterization,  a  deep  voice,  a  large  clitoris,  small  labia  majora  and 
uterus,  and  a  mass,  microscopically  resembling  a  senile  hypertrophied 
prostate,  obstructing  the  neck  of  the  bladder.  Both  adrenals  showed 
large  cortical  hyperplasias  of  congenital  origin,  with  sarcomatous 
change  in  the  stroma.  The  state  of  the  pituitary  was  not  mentioned. 
(Fawcett,  Haclfield,  and  Phillips,  1926.) 

(ii)  In  children  the  adreno-cortical  syndrome  was,  like  cretinism, 
recognized  before  its  occurrence  in  adult  women  was  generally 
accepted.  The  clinical  picture  is  in  some  respects  the  reverse  of 
infantilism,  and  two  forms  have  been  described:  (a)  the  precociously 
obese  in  both  sexes,  and  ( b )  the  muscular  or  ‘infant  Hercules’, 
chiefly  in  boys  (Parkes  Weber  ;  compare  White’s  case  on  p.  368) ;  but 
a  mixture  of  the  fat  and  the  muscular  types  occurs  both  in  girls  and 
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in  boys.  There  is  precocious  development,  both  somatic  and  of  the 
secondary  sex  characters,  with  hypertrichosis  of  the  male  distribu¬ 
tion.  The  mental  state  usually  corresponds  with  the  real  rather  than 


Ftg.  7.  Portrait  of  Eugenia  Martinez  de  Gamas  (Ragazza  Gigantesca)  by 
Juan  Carreno,  in  the  Prado,  Madrid.  Obtained  by  the  kindness  of  Pro¬ 
fessor  G.  Maranon. 


with  the  apparent  age.  The  adrenal  hyperplasia  or  tumour  is  usually 
unilateral,  and  not  uncommonly  becomes  malignant.  In  the  terminal 
stages  there  may  be  very  considerable  wasting  (Pende,  1925 ;  Lan- 
geron  and  Loheac,  1928). 

Girls  show  male  characters,  precocious  development  of  the  external 
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genitals,  especially  the  clitoris,  but  not  of  the  internal  sexual  organs, 
and  excessive  growth  of  hair  with  a  male  distribution.  There  is  ‘pre¬ 
cocious  plethoric  obesity  (Parkes  Weber),  not  the  adiposity  of  child¬ 
hood  but  that  of  middle  age.  In  the  later  stages  purple  or  red  striae 
atrophicae,  like  those  in  Cushing’s  syndrome,  appear.  Masculiniza- 
tion  has  its  psychological  effect  and  may  cause  mental  disorder 
(Eoggie  and  Montgomery,  1934).  Precocious  menstruation  and 
sexual  activity  do  not  accompany  the  other  manifestations,  and  pre¬ 
cocious  menstruation  should  suggest  an  ovarian  granulosa-celled 
tumour  ( vide  p.  414).  In  rare  instances  (C.  E"ox,  1885;  Schiff,  1918; 
Hoag,  1923)  a  ravenous  appetite  has  been  reported.  Excessive 
muscular  development  and  strength  have  also  been  reported  in  girls 
(Jump,  Beales,  and  Babcock,  1914;  Siegel,  1924). 

The  earliest  case  confirmed  by  necropsy,  at  any  rate  in  this  country, 
is  that  recorded  in  1811  by  William  Cooke,  surgeon,  of  Brentwood, 
under  the  heading  of  internal  hydrocephalus,  so  that  it  has  escaped 
notice,  except  perhaps  by  Linser  (1903)  whose  reference  to  a  case  by 
a  man  of  the  same  name  (Phil.  Trans.,  1756)  cannot  be  verified.  A 
girl,  born  in  1802,  when  4  years  old  had  precocious  development  of 
the  pudenda  with  much  dark  pubic  hair,  a  florid  face  with  copious 
hair,  became  fat,  had  pain  on  the  right  side  of  the  abdomen,  and  died 
on  October  1,  1809,  from  acute  meningitis.  The  necropsy  showed  a 
large  irregular  necrotic  tumour  spreading  from  the  position  of  the 
right  kidney  across  the  spine  towards  the  left  kidney. 

An  early  case  in  this  country,  a  girl  aged  3  years  (vide  Fig.  8  b 
was  that  reported  separately  in  1865  by  J.  W.  Ogle  (1824-1905)  ar.d 
by  H.  Pitman  (1808-1908),  and  in  1885  by  W.  H.  Dickinson  (1832- 
1913);  these  three  records  have  since  sometimes  been  regarded  as 
those  of  three  separate  cases.  Microscopical  examination  of  the  speci¬ 
men  in  St.  George’s  Hospital  Museum  proved  it  to  be  a  cortical 
carcinoma  (Rolleston  and  Marks,  1898).  The  skin  was  generally 
hyperaemic  and  of  a  gipsy  coppery  hue,  though  not  bronzed,  and 
covered  with  a  remarkable  growth  of  black  hair.  The  eyebrows  were 
thick  and  bushy,  and  there  was  a  decided  moustache.  There  was 
much  curly  hair  about  the  external  genitals  which  were  large.  Her 
language  was  that  of  a  fishwife.  In  1885  Colcott  Fox  (1849-1916) 
reported  a  case  in  a  girl,  aged  2  years,  with  similar  appearances  and 
a  ravenous  appetite. 

Cases  with  the  clinical  manifestations,  but  usually  without  the 
anatomical  proof,  of  the  modern  adreno- cortical  syndrome  can  be 
found  scattered  about  in  the  older  Journals  and  in  collections  of 
monstrosities,  such  as  Debay’s,  and  recorded  as  curiosities  of  pre¬ 
cocious  puberty. 

Henry  Sampson  (1629-1700),  a  fellow  of  Pembroke  College,  Cam¬ 
bridge,  first  a  cleric  and  subsequently  a  physician,  reported  in  1698 


ADRENO -CORTICAL  SYNDROME 


365 


366 


THE  ADRENALS 


the  case  of  a  girl  who,  previously  ailing,  became  at  the  age  of  3  years 
fat  and  strong.  The  hair  on  her  pubes  was  thick  and  long,  as  also  the 
‘hair  under  her  armpits,  and  a  downiness  upon  her  chin,  unusual  with 
those  of  her  sex  except  in  some  aged  persons’.  When  6  years  old  she 
‘was  in  face  as  large  as  a  full  grown  woman’.  She  died  rapidly  with 
acute  abdominal  symptoms,  and  the  necropsy  showed  inflammation 
around  the  left  kidney  which  was  double  the  size  of  the  other,  and 
‘upon  dissection  there  issued  a  vast  quantity  of  blood’.  The  ‘testes’ 
were  large  and  smooth  ;  the  adrenals  were  not  mentioned.  Other  cases  of 
premature  puberty  in  girls  were  reported  by  Martin  Wall  ( 1747-1824), 
Professor  of  Clinical  Medicine  in  the  University  of  Oxford,  discreetly 
written  in  Latin,  in  1811,  and  by  Astley  Cooper  (1768-1841)  in  1813, 
but  without  the  suggestive  post-mortem  evidence  of  Sampson’s  case. 

In  boys  the  clinical  results  of  the  cortical  lesions  are  very  much 
rarer  than  in  girls;  Lisser  (1933)  accepted  9  cases  only,  but  appears 
to  have  been  over-critical  in  the  limitation  of  the  cases.  There  is  also 
some  difference  in  the  clinical  picture ;  great  muscular  development 
and  strength  are  prominent  in  some  cases,  known  as  the  ‘infant 
Hercules’  type.  This,  as  mentioned  on  p.  362,  has  also  been  noted  in 
girls  and  women,  but  is  exceptional.  It  was  suggested  by  Guthrie 
and  Emery  that  the  legends  about  Hercules  and  Samson  originated 
from  observation  of  such  cases.  Sexual  activity,  seminal  emissions, 
and  masturbation  may  occur  in  association  with  the  increased  mus¬ 
cularity.  ‘The  cheeks  swell  out  with  fatness’,  and  in  addition  to  the 
general  obesity  there  may  be  local  rolls  or  pads  of  fat  in  certain 
positions,  such  as  the  neck,  breast,  or  back.  The  plethoric  condition 
of  the  cutaneous  vessels  gives  the  characteristic  facies  of  the  ‘  burly 
brewer's  drayman  in  miniature’  (L.  Guthrie,  1907).  The  period  of 
increased  muscular  power  is  soon  succeeded  by  wasting  and  eventu¬ 
ally  by  death  with  an  appearance  of  undue  age.  Cases  possibly  of 
this  nature  have  been  recorded  since  classical  times. 

Pliny  told  the  story  of  the  son  of  Enthymenes  of  Salamis,  who  in 
three  years  grew  to  4|-  feet  and  puberty.  Craterus,  the  brother  of 
King  Antigonus,  in  seven  years  passed  through  Shakespeare’s  seven 
stages.  Charles  Charleworth,  born  in  1729,  was  4  feet  7  inches  in 
height  and  weighed  87  lb.  when  5  years  old,  and  could  then  carry  a 
man  weighing  14  stone,  had  every  sign  of  puberty,  a  hairy  body,  and 
worked  with  his  father  as  a  carrier.  He  died  at  the  age  of  7  years. 
His  case  was  quoted  by  Wood  (1868).  Geoffroy  (1685-1752),  member 
of  the  Academie  des  Sciences  of  Paris,  recorded  in  1742  the  case  of 
‘  a  monstrous  boy  ’  of  3  years  and  2  months,  whose  size  and  strength 
made  him  ‘  a  prodigy  of  virility  ’ ;  he  had  pubic  hair,  a  penis  three 
inches  long  and  double  that  when  erect.  There  was  not  a  necropsy. 
Thomas  Hall,  the  gigantic  boy  of  Willingham,-  six  miles  from  Cam¬ 
bridge,  caused  his  religious  parents  grave  uneasiness  by  the  hirsut  ies  and 
development  of  his  sexual  organs  at  birth.  When  3  years  old  he  could 
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easily  throw  a  blacksmith’s  hammer  weighing  17  lb.  He  died  when 
5  years  old,  and  after  death  looked  like  a  venerable  old  man.  His  case 


Fig.  9.  A  boy  aged  5  years,  with  an  adrenal  cortical 
tumour,  probably  malignant.  Precocious  plethoric 
obesity.  (L.  Guthrie  and  d’Este  Emery,  1907.) 

was  described  by  Rev.  E.  Almond  (1745)  and  by  T.  Dawkes,  a  surgeon 
of  St.  Ives  (1747).  Anthony  White  (1782-1849)  in  1809  recorded  the 
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clinical  features  of  Philip  Howorth,  aged  3  years,  with  precocious 
puberty  and  great  muscular  development,  and  said  that  his  body 
naked  from  the  pelvis  upwards  ‘is  nearly  the  exact  representation  of 
the  Farnese  Hercules  reduced’.  In  1822  South  (1797-1882)  recorded 
the  case  of  a  boy  born  with  hair  all  over  the  body  and  large  pudenda, 
who  had  seminal  emissions  two  or  three  times  a  week  when  a  year  old. 
After  puberty  women  with  either  bilateral  hyperplasia  or  a  uni¬ 
lateral  tumour  of  the  cortex  show  virilism,  hirsuties  of  the  male  type, 
and  growth  of  a  moustache  and  beard  necessitating  shaving,  atrophy 
of  the  mammae,  amenorrhoea,  hypertrophy  of  the  clitoris,  alteration 
of  voice,  arterial  hypertension,  hyperglycaemia,  obesity  of  the  face, 
trunk,  and  abdomen,  acneiform  eruptions,  cutaneous  infections 
(Walters,  Wilder,  and  Helper,  1934),  and  in  some,  but  not  in  all, 
instances,  osteoporosis  and  a  masculine  mentality.  Obesity  may  be 
very  striking ;  a  weight  of  20  stone,  7  of  which  were  added  within  a 
year,  has  been  recorded  (Koster  et  al.  1931).  Bearded  masculine 
women  have  long  been  known ;  according  to  Blanchard  (1916)  refer¬ 
ence  was  made  by  Hippocrates  to  Phoetas,  wife  of  Pythias,  as  pre¬ 
senting  these  characters,  and  Ambroise  Pare  (1510-90)  described 
these  masculine  women  or  viragines  as  hommasses  (manly  women). 
The  association  of  hairy  virilism,  arterial  hypertension,  amenorrhoea, 
and  glycosuria  (‘the  diabetes  of  bearded  women’),  of  which  Achard 
and  Thiers  (1921)  collected  7  cases  with  necropsies,  and  Duncan  and 
Felter  (1934)  11  cases,  has  very  close  relations  with,  if  indeed  it  is  not 
a  form  of,  adrenal  virilism ;  but  in  addition  to  cortical  hyperplasia, 
ovarian  fibrotic  atrophy  and  excessive  secretion  of  thyroid  colloid 
have  been  found. 

An  early  case  of  verified  adrenal  virilism  in  an  adult  woman,  and 
the  first  operated  upon,  was  reported  in  1890  by  J.  Iv.  Thornton  (1845- 
1904).  From  the  patient,  aged  36,  covered  all  over  with  long  black 
silky  hair,  he  removed  a  tumour,  weighing  20  pounds,  of  the  left 
adrenal,  after  which  the  abnormal  growth  of  hair  disappeared.  Two 
years  later,  however,  abdominal  recurrence  proved  fatal.  Histological 
examination  of  the  tumour,  which  had  been  preserved  in  the  museum 
of  the  Royal  College  of  Surgeons  of  England,  thirty -five  years  later, 
by  E.  E.  Glynn,  showed  hardly  any  suggestion  of  malignancy  ( vide 
Holmes,  1925).  In  a  woman  with  an  area  of  basophil  hyperplasia,  but 
not  an  adenoma,  in  the  anterior  pituitary,  and  all  the  cardinal  and 
most  of  the  occasional  signs  and  symptoms  of  Cushing’s  syndrome, 
there  was  a  carcinoma  of  the  adrenal  cortex  (Lescher  and  Robb-Smith, 
1935).  The  cells  of  the  tumour  and  of  the  cortex  gave  a  positive  re¬ 
action  with  the  ponceau  fuchsin  stain  for  the  masculinizing  substance 
described  by  Vines  in  these  circumstances.  In  a  similar  case  of  primary 
carcinoma  of  the  adrenal  cortex  the  basophil  cells  in  the  anterior 
pituitary  showTed  hyaline  change,  but  numerically  were  within  the 
normal  limits  (Hare,  Ross,  and  Crooke,  1935). 
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Adult  males  with  cortical  hypernephromas  do  not  show  the  virilism 
seen  in  children  and  some  adult  women ;  this  may  be  connected  with 
the  greater  stability  of  the  generative  system  in  adult  males.  Sexual 
inversion  in  males  is  very  rare,  and  was  formerly  denied. 

Mathias  (1922)  recorded  feminism,  testicular  atrophy,  and  gynae- 
comastia  in  a  man  aged  26  years,  zum  Busch  (1927)  gynaecomastia, 
and  Holl  (1930)  feminism  in  a  boy,  aged  15,  and  a  man,  aged  44 
years,  with  a  cortical  carcinoma.  Weber,  who  in  1926  reported  a 
malignant  cortical  hypernephroma  in  a  male  with  active  mammary 
secretion,  stated  in  1928  that  mammary  enlargement  in  males  is  not 
pathognomonic  of  disorder  of  any  one  endocrine  organ.  It  is  said  to 
be  frequent  in  leprosy  from  multiglandular  inadequacy. 

Differential  diagnosis  must  be  made  separately  in  each  of  the 
age  groups — those  in  which  the  changes  are  congenital  and  appear  in 
very  early  life,  in  childhood  and  in  adolescents,  and  in  adult  life.  The 
cases  in  the  first  group  with  pseudo -hermaphroditism  are  rare  and  as 
a  general  rule  should  not  present  difficulty  in  the  presence  of  a  tumour 
in  the  position  of  the  adrenals. 

Minet  and  Houcke  (1935),  however,  reported  copious  growth  of 
black  hair  in  a  woman  aged  70  years,  previously  white-haired,  with 
virilism  and  a  tumour  in  the  right  loin.  At  the  necropsy  the  tumour 
was  a  suppurating  gall-bladder,  the  adrenals  showed  fibrosis. 

In  childhood  and  adolescence  the  same  precocious  development  of 
the  secondary  sex  characters  occurs  in  the  cases  of  pineal  teratomas 
in  boys  (vide  p.  466)  and  exceptionally  in  testicular  tumours  (vide 
p.  397).  In  the  rare  ovarian  arrhenoblastomas  (vide  p.  414)  the 
absence  of  obesity  and  of  the  purple  striae  distensae  should  assist 
in  their  recognition. 

In  1888  Clement  Lucas  (1846-1916)  reported  the  case  of  a  girl,  aged 
8  years,  with  hirsuteness,  the  somatic  development  and  menstruation 
of  a  full-grown  woman,  and  a  solid  ovarian  tumour.  Described  rather 
doubtfully  as  an  alveolar  sarcoma  with  granular  round  cells,  the 
tumour  would  probably  be  now  regarded  as  a  granulosa-celled  carci¬ 
noma  of  the  ovary,  which  by  its  feminizing  influence,  due  to  the 
secretion  of  folliculin,  causes  precocious  puberty  and  menstruation ; 
Novak  (1933)  collected  six  such  cases  in  children. 

Macrosomia  adiposa  congenita  was  described  by  Christiansen 
(1929)  as  a  lethal  hereditable  abnormality,  probably  allied  to  the 
obese  type  of  the  adreno- cortical  syndrome.  It  occurred  in  both  sexes 
soon  after  birth  in  7  out  of  the  9  children  of  two  sisters.  One  necropsy 
showed  small  adenomas  of  the  adrenal  cortex  and  eosinophil  infiltra¬ 
tion  of  the  thymus.  Obesity  and  diuresis  were  present,  but  hirsutism 
and  changes  in  the  external  genitals  were  absent. 

The  Adreno -cortical  Syndrome  and  Cushing  s  Syndrome .  In  a 
group  of  cases  in  young  women,  specially  studied  at  the  Mayo 
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Clinic  by  Walters,  Wilder,  and  Kepler  (1934)  and  in  London  by 
Broster  and  Vines  (1933),  the  clinical  manifestations  resemble  those 
described  by  Cushing  (1932)  as  pituitary  basophilism  and  appropri¬ 
ately  known  as  Cushing’s  syndrome  (vide  p.  104);  these  conditions 
were  previously,  rather  vaguely,  regarded  as  pluri-glandular  syn¬ 
dromes  ;  temporarily  this  may  be  satisfactory,  for  in  these  cases  the 
changes  m  the  endocrine  glands  vary.  Cushing  described  a  basophil- 
celled  adenoma  as  the  responsible  factor ;  whereas  in  the  cases  re¬ 
ported  from  the  Mayo  Clinic  stress  was  laid  on  the  importance  of 
proliferation,  adenoma  or  carcinoma  of  the  adrenal  cortex  ;  in  a  very 
small  minority  of  the  Mayo  Clinic  cases  there  was  either  a  basophil - 
celled  adenoma  as  well,  or  alone.  The  high  incidence,  7-2  per  cent.,  of 
basophil  adenomas  of  the  pituitary  in  all  bodies  at  the  Mayo  Clinic 
should  be  borne  in  mind  in  this  connexion.  The  question  must  there¬ 
fore  arise  for  decision  whether  Cushing’s  syndrome  and  the  adreno¬ 
cortical  syndrome,  as  described  at  the  Mayo  Clinic  and  by  Broster 
and  Vines  in  London,  are  not  very  closely  related,  possibly  even 
identical,  and  both  primarily  due  to  a  disturbance  of  the  endocrine 
balance,  which  may  be  initiated  by  disorder  of  more  than  one  endo¬ 
crine  gland  the  anterior  lobe  of  the  pituitary  or  the  adrenal  cortex. 

Frank  (1934)  suggested  a  test  for  the  detection  of  an  adrenal  origin 
for  cases  with  Cushing’s  syndrome,  namely  the  presence  in  the  urine 
of  large  quantities  of  oestrin  and  the  absence  of  a  positive  Aschheim- 
Zondek  test  for  pregnancy. 


Treatment.  Operative  removal  of  the  cortical  tumours  or  areas 
of  hyperplasia  has  been  carried  out,  especially  by  Broster  (1934)  and 
by  Walters,  Wilder,  and  Kepler  (1934).  Broster  recommended  opera¬ 
tion  in  cases  commencing  soon  after  puberty ;  Walters  operated  on 
patients  between  the  ages  of  9  and  39  years  ;  he  exposed  both  adrenals 
from  behind  without  opening  the  peritoneum.  Walters,  Wilder,  and 
Kepler  throw  out  a  warning  that  in  the  presence  of  an  over-active 
cortical  adenoma  the  remainder  of  the  cortical  tissue  may  become 
indolent,  and  so  when  the  adenoma  or  area  of  hyperplasia  is  resected, 
symptoms  of  cortical  inadequacy  may  appear.  These  may  be  relieved 
by  injection  of  the  cortical  hormone  and  the  administration  of  salt  as 
in  Addison's  disease. 


X-ray  exposures  of  the  adrenals  has  been  found  to  be  without 
benefit  (Lisser,  1927).  Irradiation  of  the  pituitary  in  cases  in  which 
a  basophil  adenoma  was  suspected  has  also  been  without  any  effect 
(Walters,  Wilder,  and  Kepler). 
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Tumours 

The  word  ‘  hypernephroma  non-committal  as  regards  innocence  or 
malignancy,  was  introduced  in  1892  by  Birch-Hirschfeld  (1842-99) ; 
that  of  mesothelioma,  proposed  by  Woolley  in  1903,  applies  only  to 
growths  arising  in  the  cortex  and  does  not  indicate  an  adrenal  origin. 
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Cysts 

(1)  Parasitic  cysts  are  rare. 

Risdon  Bennett  (1809-91)  in  1864  reported  a  hydatid  the  size  of  a 
small  orange,  and  mentioned  that  though  no  echinococci  or  debris 
were  found,  ‘the  characteristic  elasticity  of  the  cyst  and  its  beautiful 
lamellated  structure,  as  seen  under  the  microscope,  left  no  doubt  of 
its  true  character’.  A  cyst  in  one  adrenal  associated  with  a  small  one 
in  the  liver  was  described  and  figured  by  Graham  (1891). 

(2)  C  ysts  of  somewhat  doubtful  or  different  origins.  Embryonic  in¬ 
clusion  of  cells  of  the  Wolffian  body  has  been  thought  to  be  respon¬ 
sible  (Sick,  1903).  Terrier  and  Lecene  (1906)  gave  an  account  of 
cystic  lymphangiomas  which  may  be  uni-  or  multi-locular  and  con¬ 
tain  amber- coloured  fluid  unless  haemorrhage  occurs  into  them. 
They  may  reach  a  considerable  size  without  much  haemorrhage ; 
thus  H.  A.  Ballance  (1923)  removed  a  cyst  containing  2^  pints  of 

thin,  amber-coloured  turbid  fluid’,  the  wall  of  the  cyst  showing 
yellow  nodules  composed  of  adrenal  cortex.  In  rare  instances  cysts 
are  also  present  in  other  organs;  Charlewood  Turner  (1843-1900) 
reported  in  1888  cysts  in  the  liver,  cerebellum,  and  right  adrenal. 
Cysts  may  result  from  haemorrhages  into  the  adrenal  medulla; 
Alban  Doran  (1849-1927)  in  1908  collected  a  number  of  cases.  They 
may  grow  to  a  large  size;  Hartwell  (1908)  reported  one  with  three 
quarts  of  dark  reddish-brown  fluid.  Their  walls  may  show  calcified 
areas. 

(3)  Pseudo-cysts,  due  to  liquefaction  of  areas  of  cortical  hyper¬ 
plasia,  adenomas,  or  malignant  tumours,  may  be  small  or  large. 

J.  W.  Ogle  (1824-1905)  in  1863  reported  one  the  size  of  a  ‘boy’s 
marble  and  small  ones  were  recorded  by  Crawfurd  and  myself  in 
1899.  Bosanquet  (1901),  however,  recorded  one  3  to  3|  inches  in 
diameter  containing  orange-coloured  jelly.  The  adenomas  may  con¬ 
tain  considerable  quantities  of  extravasated  blood ;  Henschen  of 
Zurich  in  1906  described  struma  suprarenalis  cystica  haemorrhagica, 
and  in  1932  Brandt,  who  collected  20  examples  of  these  ‘Henschen 
tumours’,  recorded  one  weighing  2,520  grammes. 

Ballance,  H.  A.,  Brit.  Med.  J ourn.,  1923,  i.  926 ;  Bennett,  J.  R.,  Trans.  Path. 
Soc.  Bond.,  1864,  xv.  224;  Bosanquet,  W.  C.,  ibid.,  1901,  lii.  64;  Brandt,  G., 
Arch./,  klin.  Chir.,  Berlin,  1932,  clxxi.  57;  Crawfurd,  R.,  Trans.  Path.  Soc. 
Land.,  1899,  1.  212;  Doran,  A.,  Brit.  Med.  Journ.,  1908,  i.  1558;  Graham,  J., 
Hydatid  Disease,  Edin.,  1891,  p.  125;  Hartwell,  J.  A.,  Ann.  Surg.,  Phila., 
1908,  xlix.  125;  Henschen,  K.,  Beitr.  z.  klin.  Chir.,  Tubingen,  1906,  xlix.  217; 
Ogle,  J.  W.,  Trans.  Path.  Soc.  Lond.,  1865,  xvi.  252;  Rolleston,  H.  D.,  ibid., 
1899,  1.  214;  Sick,  K.,  Virchows  Arch.,  1903,  clxxii.  468;  Terrier  et  Lecene, 
Rev.  de  chir.,  Paris,  1906,  xxxiv.  321 ;  Turner,  F.  C.,  Trans.  Path.  Soc.  Bond., 
1888,  xxxix.  9;  Woolley,  P.  G.,  Virchows  Arch.,  1903,  clxxii.  301. 
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Angiomas.  In  rare  instances  bilateral  cavernous  tumours  have 
been  found  in  the  adrenals  in  association  with  similar  growths  in  the 
liver  and  ovaries  (Payne,  1869),  liver  (Petroff,  1899).  Bilateral  caver¬ 
nomas  were  reported  by  Miiller-Stuler  (1933),  and  a  unilateral 
haemangioblastoma  by  Menon  and  Annamalai  (1934). 

Myelo- lipoma.  Tumours  containing  bone-marrow  are  occasion¬ 
ally  found,  especially  in  chronic  haemolytic  jaundice  (Hartfall  and 
Stewart,  1933).  Fifteen  cases  of  this  rare  form  of  heterotopia,  un¬ 
associated  with  chronic  haemolytic  jaundice,  were  collected  by  Collins 
(1932),  and  the  condition  has  been  called  myelo-lipoma  (Oberling, 
1929).  De  Navasquez  (1935)  and  Richardson  (1935)  reported  cases 
remarkable  for  their  size  in  adults. 

Lipomas  were  regarded  by  Letulle  (1931)  as  accidental  dys- 
embryoplastic  growths.  The  formation  of  true  lipomas  as  the  result 
of  destruction  of  cortical  cells  and  encapsulation  by  organization  of 
small  round  cells  has  been  described  (Soos,  1933). 

Collins,  D.  C.,  Am.  Journ.  Path.,  Boston,  1932,  viii.  97 ;  Hartfall,  S.  J.,  and 
Stewart,  M.  J.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1933,  xxxviii.  455  ;  Letulle, 
M.,  Anatomie  pathologique,  Paris,  1931,  iii.  2141 ;  Menon,  T.  B.,  and  Annamalai, 
D.  R.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1934,  xxxix.  591;  Muller-Stuler, 
M.,  Virchows  Arch.,  1933,  ccxc.  177;  De  Navasquez,  G.,  Guy's  Hosp.  Rep., 
Lond.,  1935,  lxxxv.  237  ;  Oberling,  C.,  Bull.  Assoc,  frang.  pour  V etude  du  cancer , 
Paris,  1929,  xviii.  234;  Payne,  J.  F.,  Trans.  Path.  Soc.  Lond.,  1869,  xx.  203; 
Petroff,  Abst.  Rev.  de  med.,  Paris,  1901,  xxi.  920;  Richardson,  J.  C.,  Am. 
Journ.  Cancer,  Lancaster,  Pa.,  1935,  xxv.  746;  Sods,  J.  von.,  Frankfurt.  Ztschr. 
f.  Path.,  1933,  xlvi.  155. 

Adenomas  of  the  cortex  may  be  divided  into:  (1)  small  areas  of 
hyperplasia,  multiple,  with  or  without  a  capsule  separating  the  con¬ 
stituent  cells  from  the  rest  of  the  cortex,  and  hardly  deserving  the 
title  of  adenoma.  They  are  common  in  association  with  arterio¬ 
sclerosis ;  according  to  Goldzieher  (1929)  these  occur  in  35  per  cent, 
of  adults.  They  usually  resemble  the  zona  fasciculata  ;  those  arising 
from  the  zona  reticularis  and  the  zona  fasciculata  are  specially  prone 
to  contain  much  fat.  Hyperplasia  may  be  due  to  increased  secretion 
of,  and  so  to  excessive  stimulation  by,  the  adrenotropic  hormone  of 
the  anterior  pituitary ;  it  has  also  been  found  in  acromegaly  (vide 
p.  91 ),  in  pituitary  basphilism  (Cushing),  and  in  hyperparathyroidism 
due  to  parathyroid  hyperplasia,  these  adrenal  and  parathyroid  hyper¬ 
plasias  being  both  thought  to  be  primarily  due  to  anterior  pituitary 
over-activity  (Albright,  Bloomberg,  Castleman,  and  Churchill,  1934). 
In  the  adreno-genital  syndrome,  as  described  by  Walter,  Wilder, 
and  Kepler,  which  so  closely  resembles  Cushing’s  syndrome,  a  pituitary 
adenoma  is  very  rare.  But,  although  there  may  not  be  any  histo¬ 
logical  evidence  of  pituitary  over-activity,  it  is  conceivable  that  the 
adrenal  cortex  varies  in  its  susceptibility,  and  when  hypersensitive 
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may  react  to  stimuli,  of  which  the  normal  adrenotropic  hormone  of 
the  pituitary  may  be  one,  which  ordinarily  do  not  evoke  hypoplasia. 

(2)  Larger  cortical  adenomas  are  usually  unilateral,  but  sometimes 
bilateral,  called  struma  lipomatosa  suprarenalis  by  Virchow  (1821— 
1902)  and  collected  by  Langeron  (1932).  They  are  pale  yellow  in 
colour  from  contained  fat  which  may  be  so  extensive  as  to  lead  to 
necrosis  or  softening  with  resulting  haemorrhage  into  them.  They 
often  indent  without  invading  the  medulla,  and  generally  resemble 
the  zona  fasciculata.  These  tumours  may  become  malignant,  especi¬ 
ally  in  children.  Whether  innocent  or  malignant  they  may  cause  the 
adreno-cortical  syndrome  (vide  p.  361).  In  about  twelve  cases  of 
cortical  tumours,  innocent  or  malignant,  persistent  high  blood-pres¬ 
sure  has  been  associated  (Eisenberg  and  Wallenstein,  1932). 

Though  the  embryological  relation  of  the  adrenals  and  gonads  is 
so  close,  a  few  only  of  the  common  hypoplasias  and  adenomas  of  the 
adrenals  produce  the  striking  features  of  the  adreno-genital  syn¬ 
drome.  The  known  contents  of  the  cortex — the  cortical  hormone  and 
ascorbic  acid — do  not  cause  the  syndrome.  It  has  been  suggested 
that  the  responsible  factor  may  be  a  precursor  of  the  cortical  hormone 
(Kepler  et  al.,  1934). 

In  Gordon  Holmes’s  case  (1925),  in  which  the  syndrome  of  virilism 
was  very  well  marked,  the  adenoma  resembled  the  zona  reticularis. 
In  a  number  of  cases  hyperplasia  or  adenoma  of  the  adrenal  cortex 
is  associated  with  persistent  high  blood-pressure.  Cushing  (1932) 
ascribed  the  hypertension  in  his  pituitary  basophilism  to  basophilia 
of  the  pars  intermedia.  The  considerable  resemblance  of  the  adreno¬ 
cortical  syndrome  (with  hypertension  in  adults)  to  Cushing’s  syn¬ 
drome  shows  that  they  are  at  least  closely  related  to  each  other 
(vide  p.  104). 

Similar  adenomas  occur  in  accessory  and  aberrant  adrenals  (Mar- 
chand,  1883;  Eurich,  1896).  But  the  ‘ Grawitz  tumours’,  or  renal 
hypernephromas  described  by  Grawitz  (1883)  as  due  to  riotous 
growth  of  ectopic  adrenal 1  rests  ’  have  been  explained  as  derived  from 
Wolffian  remains  (Wilson  and  Willis,  1911)  or  from  the  convoluted 
tubules  of  the  kidney  (Nicholson,  1923) ;  the  so-called  hepatic  hyper¬ 
nephromas  (vide  p.  316)  have  been  regarded  as  derived  from  the  poly¬ 
gonal  cells  of  the  liver  (Nicholson  ;  Glynn,  1912),  and  the  authenticity 
of  ovarian  hypernephromas  has  also  been  seriously  indicted  (vide 
p.  316). 

(3)  Pigmented  adenomas  arising  from  the  zona  reticularis  were 
described  by  Pilliet  (1892),  Letulle  (1896),  and  Oppenheim  (1900); 
they  are  usually  multiple  and  small,  the  size  of  a  pea  to  that  of  a  nut. 
Lucksch  (1912)  found  that  the  pigment  resembled  melanin,  and  con¬ 
sidered  that  the  adenomas  might  become  malignant;  Hickel  (1924) 
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found  that  the  brown  pigment  was  quite  different  from  the  lipo- 
chrome  in  the  cortex  and  was  formed  in  the  connective  tissue. 

Albright,  F.,  Bloomberg,  E.,  Castleman,  B.,  and  Churchill,  E.  D.,  Arch. 
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Arch.  Path.,  Chicago,  1932,  xiv.  818;  Eurich,  F.  W.,  Journ.  Path,  and  Bac- 
teriol.,  Edin.,  1896,  iii.  502;  Glynn,  E.  E.,  Journ.  Obst.  and  Gyn.  Brit.  Bmp., 
Manchester,  1921,  xxviii.  23;  Goldzieher,  M.  A.,  The  Adrenals,  N.Y.,  1929; 
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Paris,  1924,  6  s.,  xxi.  140;  Holmes,  G.,  Quart.  Journ.  Med.,  Oxford,  1924-5, 
xviii.  143;  Langeron,  L.,  Questions  cliniques  d'actualite,  3  s.,  131,  Paris,  1932; 
Letulle,  M.,  Arch.  d.  sc.  mecl.  de  Bucarest,  Paris,  1896,  i.  80;  Lucksch,  F., 
Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  Jena,  1912,  liii.  324;  Marchand,  F., 
Virchows  Arch.,  1883,  xcii.  11;  Nicholson,  G.  W.,  Guy's  Hosp.  Rep.,  1923, 
lxxiii.  164;  Oppenheim,  Bull.  Soc.  anat.,  Paris,  1900,  lxxiv.  997  ;  Pilliet,  A., 
ibid.,  1892,  lxvii.  573;  Virchow,  R.,  Die  krankhaften  Geschwulste,  Berlin,  1863, 
Bd.  II;  Wilson,  L.  B.,  and  Willis,  B.  C.,  Journ.  Med.  Res.,  Boston,  1911, 
xxiv.  73. 


Innocent  Tumours  of  the  Medulla 

Tumours  composed  of  chromaffin,  adrenaline-secreting,  highly 
differentiated  cells  have  been  called  paragangliomas  (Alexais  and 
Peyron,  1908),  but  Pick  (1912)  suggested  that  the  name  paragan¬ 
glioma  should  be  confined  to  tumours  composed  of  chromaffin  cells 
(also  called  phaeochromocytes)  arising  in  the  normal  collections  of 
chromaffin  cells  situated  apart  from  the  adrenal  glands  and  called 
paraganglia  by  Kohn  (1899),  and  that  the  chromaffin- celled  tumours 
in  the  main  adrenal  glands  should  be  called  phaeochromocytomas. 
An  adrenal  tumour  composed  of  chromaffin  cells  or  a  chromaffinoma 
was  first  described  histologically  by  Berdez  of  Lausanne  in  1892,  and 
Manasse  (1866-1927)  in  1893. 

These  tumours  are  somewhat  rare ;  Belt  and  Powell  (1934)  out  of 
60  reported  cases  accepted  for  full  pathological  and  clinical  details 
23  only.  Out  of  48  cases  25  were  females  and  23  males,  and  nearly 
half  showed  hypertension  (Eisenberg  and  Wallenstein,  1932).  Benign 
and  solitary  chromaffin- celled  tumours  of  the  adrenal  medulla  are 
occasionally  present  in  elderly  people  (MacCallum,  1932);  these  are 
usually  small,  encapsuled,  may  be  unilateral,  composed  of  large  cells 
with  granular  cytoplasm  giving  a  chromaffin  reaction,  often  multi- 
nuclear  giant  cells,  sometimes  ganglion  cells,  and  haemorrhages 
(Hick,  1933).  But  Belt  and  Powell’s  specimen  weighed  1,000 
grammes ;  they  may  become  cystic  from  necrosis  and  haemorrhage. 
They  are  usually  benign,  and  contain  adrenaline  (Hederiger,  1911  ; 
Hick,  1933) ;  Belt  and  Powell’s  specimen  contained  the  large  amount 
of  2  grammes.  Manipulation  of  a  tumour,  which  was  proved  after  sub¬ 
sequent  operation  to  be  of  this  nature,  produced  a  considerable  rise  of 
blood-pressure  (Kalk,  1934).  Neusser  (1852-1912)  in  1897  correlated 
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hypertension  with  the  presence  of  an  adrenal  tumour,  as  did  Orth 
(1847-1923)  in  1914.  But  there  was  a  considerable  interval  before 
the  relation  between  adrenal  tumours  and  hypertension  was  fully 
established,  though  it  was  suggested  by  Vaquez  (1904),  Josue  (1904), 
and  others.  Marcel  Labbe  in  1922  and  again  in  1930  connected  the 
presence  of  these  tumours  with  paroxysmal  bouts  of  high  blood- 
pressure,  and  collected  8  such  cases,  in  which  the  pressure  might  run 
up  to  300  mm.  Hg.  That  the  hypertension  should  be  intermittent 
rather  than  persistent  may  perhaps  be  explained  as  a  pathological 
equivalent  of  the  events  described  in  Cannon’s  emergency  hypothesis 
(1911),  namely  discharge  into  the  circulation  of  adrenaline  in  re¬ 
sponse  to  emotion.  These  hypertension  crises  may  also  occur,  as  has 
long  been  known,  in  permanent  high  blood-pressure,  and  Laubry  and 
Bernal  (1934)  suggested  that  there  are  two  stages,  namely  a  series  of 
crises  followed  by  renal  disease  and  permanent  hypertension.  All  but 
3  of  20  collected  cases  with  these  tumours  showed  hypertension 
(Coller,  Field,  and  Durant,  1934). 

The  symptoms  of  these  paroxysmal  crises  resemble  those  of  a  large 
dose  of  adrenaline,  namely,  pallor,  tremor,  sweating,  nausea,  vomiting, 
headache,  feeling  of  constriction  in  the  epigastrium,  dyspnoea,  hyper - 
glycaemia  during  the  paroxysms,  and  sometimes  glycosuria  and 
cardiac  palpitation.  The  rise  of  systolic  blood-pressure  is  not  ac¬ 
companied  by  a  rise  in  the  diastolic  pressure,  thus  differing  from  the 
elevations  in  the  course  of  persistent  hypertension.  The  paroxysms 
may  occur  at  the  same  time  every  day  (Bauer  and  Leriche,  1934). 
Brandt  and  Katz  (1933)  reported  in  the  blood  during  the  paroxysms 
the  presence  of  a  substance  giving  the  pharmacological  reactions  of 
adrenaline.  In  addition  crises  of  low  blood-pressure  have  been  de¬ 
scribed  (Goidsenhoven  and  Appelsmans,  1934).  The  heart  is  hyper¬ 
trophied  ;  the  patients  are  said  to  be  prone  to  post-operative  shock 
and  to  attacks  of  pulmonary  oedema.  The  attacks  in  many  re¬ 
spects  resemble  the  crises  in  toxic  goitre  which  indeed  have  been 
ascribed  to  flooding  of  the  circulation  with  adrenaline  (Goetsch  and 
Ritzmann,  1934) ;  the  obvious  explanation  would  appear  to  be  tran¬ 
sient  hyperadrenalinaemia,  but  pressure  exerted  by  the  tumour  on 
the  abdominal  sympathetic  has  been  suggested  (Hick). 

Sudden  death  has  occurred  in  some  cases  and  has  been  ascribed 
to  excess  of  adrenaline  (Paul,  1930).  Sudden  death  after  removal  of 
the  tumour  has  been  thought  to  be  due  to  adrenal  inadequacy,  the 
other  adrenal  having  ceased  to  be  functionally  active  in  the  presence 
of  the  tumour. 

Diagnosis  must  be  made  from  cases  of  essential  hypertension 
with  considerable  fluctuations  in  the  systolic  pressure  by  the  absence 
of  a  raised  diastolic  pressure  in  the  tumour  cases.  Crises  of  paroxysmal 
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hypertension  may  also  occur  in  lead  poisoning  with  colic,  eclampsia 
irritation  of  the  fifth  cranial  nerve,  for  example  in  herpes  zoster,  ot 
the  vagus,  of  the  splanchnics,  and  in  a  number  of  cerebral  lesions 

(Donzelot,  1934). 

Shapiro  (1926)  and  Boas  and  Shapiro  (1926)  described  8  cases  of 
‘clinical  symptomatic  hyperepinephrinism ’,  and  met  the  obvious 
criticism  of  Read  (1926)  that  these  cases  were  merely  examples  ol 
Graves’s  disease  with  high  blood-pressure  by  pointing  out  the  absence 
of  some  clinical  signs  of  Graves’s  disease  and  the  presence  of  a  raised 
diastolic  pressure  in  their  cases,  thus  contrasting  with  the  increased 
pulse -pressure  in  Graves’s  disease.  The  prognosis  m  Boas  and  Shapiro  s 
cases  appeared  to  be  bad ;  though  they  may  have  been  examples  ol 
adrenal  phaeochromocytomas,  no  necropsies  were  reported. 

Treatment.  Surgical  removal  of  the  tumours  has  been  performed 
successfully  in  7  cases.  Bauer  and  Leriche  (1934),  who  collected  6 
from  the  literature,  reported  1  in  a  paraganglioma  near  the  aorta. 
Probably  the  first  was  that  in  which  C.  H.  Mayo  m  1927  removed  a 
tumour  described  as  a  malignant  retro-peritoneal  blastoma,  m  con¬ 
tact  with  the  left  adrenal  of  a  woman  whose  blood-pressure  showed 
paroxysmal  rises  from  120  to  320  mm.  Hg,  with  much  benefit  Ship- 
ley  (1929)  and  the  Porters’  (1930)  cases  were  the  first  m  which  a 
definite  diagnosis  of  phaeochromocytoma  was  made  before  con  rma- 
tory  laparotomy.  Medical  treatment  by  insulin,  large  quantities 
of  sugar,  and  X-ray  exposure  have  been  tried  but  without  any  per¬ 


manent  success. 
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Paul,  F.,  Virchows  Arch.,  1930,  cclxxxii.  256;  Pick,  L.,  Berlin,  klin.  Wchnschr., 
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Ganglioneuromas  are  rare.  They  were  first  described  by  Loretz 
m  1870,  and  in  1915  51  examples  in  various  parts  of  the  body  were 
collected  by  Shaw  Dunn ;  of  1 1  in  the  adrenal  medulla  the  earliest  was 
that  recorded  by  Chiari  (1851-1916)  in  1898.  In  1935  McFarland 
and  Suppington  collected  16  cases  in  the  adrenal  medulla.  These 
tumours  arising  from  the  sympathetic  in  the  adrenal  medulla  are 
usually  firm,  encapsuled  like  an  innocent  growth,  and  may  reach  a 
considerable  size.  They  are  composed  of  sympathetic  ganglion  cells, 
which  may  be  multi-nucleated  and  are  arranged  in  alveoli,  of  medul- 
lated  and  non-medullated  nerve-fibres  in  a  fine  stroma ;  in  addition 
there  may  be  small  cells,  embryonic  nerve-cells,  arranged  in  rosettes, 
thus  showing  a  resemblance  to  the  malignant  neuroblastomas. 
Dunn’s  malignant  ganglioneuroma  was  yellow,  haemorrhagic,  and 
necrotic.  C  onversely  Cushing  and  Wolbach  (1927)  recorded  a  re¬ 
markable  case  in  which  a  malignant  paravertebral  sympathetico- 
blastoma  became  in  the  course  of  years  transformed  into  a  benign 
ganglioneuroma.  In  1  case  (Jergesen,  1933),  in  a  young  man,  there 
was  arterial  hypertension,  but  this  is  exceptional  and  was  regarded 
as  independent  of  the  tumour. 

Fibromas  of  the  medulla  were  formerly  described  (Dagonet,  1885  ; 
Letulle,  1888;  Sabrazes  and  Husnot,  1908);  but  possibly  some  of 
them  may  have  been  ganglioneuromas,  for  Mallory  (1931)  reported 
a  tumour  which,  though  macroscopically  looking  like  a  fibroma,  was 
a  ganglioneuroma. 

Ganglioneuroma . 

Chiari,  H.,  Centralbl.f.  allg.  Path.  u.  path.  Anat.,  Jena,  1898,  ix.  456;  Cushing, 
H.,  and  Wolbach,  S.  B.,  Am.  Journ.  Path.,  Boston,  1927,  iii.  203 ;  Dunn,  J.  S.,' 
Journ.  Path,  and  Bacteriol.,  Cambridge,  1914-15,  xix.  847;  Jergesen,  F.  H., 
Arch.  Path.,  Chicago,  1933,  xvi.  340;  Loretz,  W.,  Virchows  Arch.,  1870,  xlix. 
435;  McFarland,  J.,  and  Suppington,  S.  W.,  Am.  Journ.  Path.,  Boston,  1935, 
xi.  429. 


Fibroma. 

Dagonet,  J.,  Ztschr.f.  Heilk.,  Prag,  1885,  vi.  1 ;  Letulle,  M.,  Bull.  Soc.  anat., 
Paris,  1888,  5  s.,  ii.  302;  Mallory,  F.  B.,  New  England  Med.  Journ.,  Boston, 
1931,  cciv.  452;  Sabrazes,  J.,  et  Husnot,  P.,  Arch,  de  med.  exper.-et  d'anat. 
path.,  Paris,  1908,  xx.  189. 


Primary  Malignant  Disease  of  the  Adrenals 

Early  cases  were  recorded  in  this  country  by  J.  W.  Ogle  (1824- 
1905)  in  1865  and  by  Greenhow  (1814-88)  in  1867,  the  latter  being 
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called  a  sarcoma.  Until  this  century  a  distinction  was  not  drawn 
between  malignant  tumours  of  the  cortex  and  medulla. 

Malignant  hypernephromas  of  the  cortex  are  relatively  rare ; 
Geschickter  (1935)  collected  31  cases  with  precocious  puberty.  They 
were  formerly  described  under  various  names,  especially  'sarcoma’. 
Probably  the  most  suitable  name  is  malignant  mesothelioma  or 
malignant  cortico-adrenoma.  To  the  naked  eye  they  resemble  the 
much  commoner  tumour  of  the  kidney,  the  so-called  renal  hyper¬ 
nephroma  from  which  they  really  differ  in  origin  and  in  cytology. 
They  are  not  common  and  appear  to  develop  out  of  large  adenomas, 
the  character  of  the  proliferating  cells  changing.  Though  the  cells  are 
mesoblastic  their  arrangement  is  usually  that  of  a  malignant  adenoma 
or  carcinoma,  at  least  in  parts.  The  same  tumour  may  show  great 
microscopical  differences,  carcinoma  in  one  part,  sarcoma  in  another, 
or  the  primary  carcinomatous  tumour  may  have  sarcomatous  meta- 
stases  (Woolley,  1902) ;  giant  cells  are  not  infrequently  present,  and 
there  is  often  a  tubular  arrangement  of  the  cells,  especially  in  necrotic 
parts  of  the  neoplasm ;  the  latter  appearance  has  been  explained  as 
due  to  oedema  of  the  interstitial  tissues  or  more  probably  as  the  result 
of  cellular  degeneration.  Necrosis,  haemorrhages,  and  pseudo-cyst 
formation  are  common.  Occasionally  both  adrenals  are  involved 
(Eleftheriou),  either  simultaneously  or  by  early  metastasis  in  one 
adrenal  from  a  primary  growth  in  the  other.  The  tumours  may  reach 
a  large  size ;  as  much  as  9  lb.  has  been  recorded  (Dreschfeld  and 
Moore,  1905).  The  growth  is  prone  to  extend  into  the  adrenal  vein 
and,  on  the  left  side  through  the  renal  vein,  into  the  inferior  vena 
cava.  Secondary  growths  occur  in  the  lungs,  liver,  lymphatic  glands, 
and  sometimes  exclusively  in  the  brain  (Devic  and  Dechaume,  1924). 
Gibson  and  Bloodgood  (1923)  insisted  on  the  rarity  of  bony  meta- 
stases  as  contrasted  with  their  frequency  in  so-called  ‘renal  hyper¬ 
nephromas’.  The  growth  may  directly  invade  the  liver,  less  often  the 
kidney,  and  in  very  rare  instances  open  into  the  stomach  (Rolleston 

and  Marks,  1898;  Kolodny,  1934). 

The  clinical  picture  may  be  (1)  that  of  an  abdominal  tumour  re¬ 
sembling  a  renal  or  hepatic  growth  on  the  right  side,  though  hae- 
maturia  is  exceptional ;  (2)  the  adreno- cortical  syndrome  {vide  p.  361). 
In  children  the  clinical  manifestations  are  those  of  sexual  precocity 

and  in  adult  women  inversion  of  sex. 

Primary  Malignant  Tumours  of  the  Medulla .  The  earliest  stage 
of  a  sympathetic  ganglion  cell  is  a  lymphocyte-like  cell;  tumours 
composed  of  these  cells  (sympathogonia)  are  called  sympathogonio- 
mas  ;  the  less  primitive  nerve  cells,  the  sympathoblasts,  may  be  the 
predominating  elements  in  the  sympathoblastomas  ( Bielschow  sky , 
1932).  Some  of  these  cells  may  be  found  in  otherwise  benign  ganglio- 
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neuromas,  and  thus  malignant  ganglioneuromas  or  sympathoblasto¬ 
mas  occur.  The  terms  neuroblastoma  and  neurocytoma  have  also 
been  used  for  these  malignant  tumours  of  the  sympathetic.  They  were 
formerly  described  as  sarcomas  and  probably  sometimes  as  retro¬ 
peritoneal  sarcomas.  They  occur  in  very  early  life,  even  in  still-born 
infants  ;  Lewis  and  Geschickter  (1934)  recorded  a  foetus  in  which  the 
infiltrated  liver  obstructed  delivery.  Reid  (1928)  found  that  80  per 
cent,  of  the  patients  are  under  2^  years  of  age. 

Parker  (1880)  described  a  diffuse  sarcoma  of  the  liver  with  a  growth 
in  the  left  adrenal.  Dalton  ( 1857—1923)  in  1885  reported  an  infiltrating 
sarcoma  of  the  liver  and  adrenal,  regarded  as  primary  in  the  adrenal. 
Heaton  ( 1 861-1924)  in  1 898  recorded  a  congenital  round-celled  sarcoma 
with  a  growth  in  the  right  adrenal.  W.  Pepper  in  1901  reported  a 
similar  case  and  collected  five  others.  This  group  has  been  called  the 
Pepper  type.  Kiister  (1905)  recognized  that  they  were  derived  from 
nervous  tissue,  and  called  them  malignant  gliomas.  In  1907  Hutchison 
published  10  cases  of  a  clinical  syndrome  of  adrenal  sarcoma  in  children 
with  secondary  growths  in  the  skull  and  orbits;  like  the  previous 
observers  he  did  not  state  that  the  tumours  arose  in  the  medulla,  but 
summed  up  against  their  identity  with  the  cortical  hypernephromas 
collected  by  Bulloch  and  Sequeira  (1905).  This  group  has  been  de¬ 
scribed  as  the  Hutchison  type.  Frew  (1911)  in  a  paper  on  ‘Carcinoma 
originating  in  the  suprarenal  medulla  in  children’  divided  the  cases 
into  those  arising  in  the  left  adrenal  with  metastases  in  the  skull  and 
those  primary  in  the  right  adrenal  with  secondary  growths  on  the 
upper  surface  of  the  liver  and  in  the  lungs. 

The  neuroblastomas  are  composed  of  embryonic  nerve  cells 
grouped  in  rosettes  (Wiesel,  1905)  and  fibrils  representing  the  axis- 
cylinder  processes  (Tileston  and  Wolbach,  1908)  which,  however, 
may  be  absent  in  parts  of  the  tumour,  or  from  degeneration  or  from 
post-mortem  change  be  more  or  less  transformed  into  hyaline  tissue, 
as  pointed  out  in  1910  by  Homer  Wright  (1869-1928).  From  a  histo¬ 
logical  point  of  view  the  clinical  types  described  by  Pepper  and  by 
Hutchison  have  been  regarded  as  pathologically  identical  (Wolbach 
and  Morse,  1918).  But  the  earlier  in  life  they  occur,  as  in  the  Pepper 
type  in  particular,  the  more  primitive  is  the  nature  of  the  tumour 
cells  likely  to  be.  The  clinical  distinctions  of  the  two  types  may  well 
hold  their  place. 

Colville  and  Willis  (1933)  considered  that  the  diffuse  endothelioma 
of  bone  (endothelial  myeloma)  or  ‘Ewing’s  sarcoma’,  described  as 
primary  in  bone,  is  really  a  metastasis  from  an  undetected  or  latent 
neuroblastoma.  Oberling  and  Raileanu  (1932)  regarded  Ewing’s 
tumour  as  a  reticulo -sarcoma  derived  from  the  reticulo -endothelial 
cells. 
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The  Pepper  type  is  characterized  by  abdominal  signs,  swelling,  a 
large  liver,  and  in  some  cases  a  palpable  adrenal  tumour,  and  ascites. 
The  Hutchison  type  presents  tumours  in  the  skull,  especially  about 
the  orbits  with  proptosis  and  ecchymoses  of  the  eyelids,  and  may 
superficially  resemble  chloroma  and  infantile  scurvy.  As  pointed  out 
by  Bulloch  and  Sequeira  (1905),  these  primary  blastomas  of  the 
adrenal  are  not  associated  with  the  sexual  changes  seen  in  cortical 
hypernephromas . 

Primary  Malignant  Melanomas.  Glynn  (1873-1929)  in  1912 
collected  6  cases  of  melanotic  carcinoma  arising  in  the  medulla. 
Pappenheimer  in  1914,  after  rejecting  some  previously  published 
cases  on  account  of  the  possibility  of  a  primary  melanoma  elsewhere, 
accepted  five  and  reported  another.  MacLachlan  (1915)  collected 
4  cases  of  bilateral  malignant  melanoma  and  argued  that  they  were 
due  to  the  displacement  of  mesoblastic  pigment  cells  into  the  medulla. 
The  primary  adrenal  growths  may  be  devoid  of  melanin  while  their 
metastases  contain  it  (Pappenheimer;  McComb  and  Smith,  1933). 
As  in  the  case  of  other  visceral  melanomas,  the  possibility  that  a  small 
primary  tumour  in  the  uveal  tract  was  overlooked  must  be  borne  in 
mind.  Tuczek  (1914)  derived  the  melanotic  growths  from  the  pig¬ 
mented  ganglion  cells.  Davidsohn  (1909)  reported  a  melanoma  con¬ 
taining  adrenaline  and  with  cells  resembling  the  zona  fasciculata  of 
the  cortex  in  the  metastases. 

Malignant  phaeochromocytomas  or  chromaffinomas  are  ex¬ 
tremely  rare;  Eisenberg  and  Wallenstein  (1932)  collected  6  cases,  in 
all  of  which  the  primary  growths  were  bilateral  and  the  metastases 
widespread.  Geschickter  (1933)  recorded  another  case  ;  Willis  (1934) 
threw  doubt  on  the  case  reported  by  King  (1931). 

Secondary  growths  in  the  adrenals  occur  in  about  10  per  cent, 
of  the  cases  of  malignant  disease  elsewhere  ;  Willis  (1934)  among  323 
cases  found  27,  or  8-3  per  cent.,  and  Rolleston  (1908)  among  135 
cases  15,  or  11  per  cent.  They  occur  more  often  in  the  medulla  than 
in  the  cortex  which  appears  to  resist  invasion  by  metastases  in  the 
medulla  ;  metastases  arising  in  the  cortex  often  appear  to  be  situated 
in  an  adenoma.  Secondary  growths  in  the  adrenals  are  often  bilateral 
and  multiple,  and  are  specially  likely  to  occur  in  generalized  melanoma 
and  in  primary  growths  of  the  lung  (Willis,  1934). 

Primary  Malignant  Growths. 

Greenhow,  E.  H.,  Trans.  Path.  Soc.  Pond.,  1867,  xviii.  260;  Ogle,  J.  \\  .,  ibid., 
1865,  xvi.  250. 

Of  the  Cortex. 

Devic  et  Dechaume,  Journ.  de  med.  de  Lyon,  1924,  397 ;  Dreschfeld,  J., 
and  Moore,  F.  C.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1905,  x.  71 ;  Eleftherioit, 
D.  S.,  Ann.  d'anat.  path.,  Paris,  1934,  xi.  673;  Geschickter,  C.  F.,  A?n.  Journ. 
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Cancer,  Lancaster,  Pa.,  1935,  xxiii.  109;  Gibson,  A.,  and  Bloodgood,  J.  G., 
Surg.,  Gyn.,  and  Obst.,  Chicago,  1923,  xxxvii.  490;  Kolodny,  A.,  Journ.  Am. 
Med.  Assoc.,  Chicago,  1934,  cii.  925;  Rolleston,  H.,  and  Marks,  H.,  Am. 
Journ.  Med.  Sc.,  Phila.,  1898,  cxvi.  383;  Woolley,  P.  G.,  Trans.  Assoc.  Am. 
Phys.,  Phila.,  1902,  xvii.  627. 

Of  the  Medulla.  Neuroblastoma. 

Bielschowsky,  M.,  Cytology  and  Cellular  Pathology  of  the  Nervous  System 
(W.  Penfold),  N.Y.,  1932,  iii.  108;  Bulloch,  W.,  and  Sequeira,  J.  H.,  Trans. 
Path.  Soc.  Lond.,  1905,  lvi.  189;  Colville,  H.  C.,  and  Willis,  R.  A .,  Am.  Journ. 
Path.,  Boston,  1933,  ix.  421 ;  Dalton,  N.,  Trans.  Path.  Soc.  Lond.,  1885,  xxxvi. 
247  ;  Ewing,  J.,  ‘Endothelial  Myeloma  of  Bone’,  Publications  of  Cornell  Univ. 
Med.  College,  1922,  p.  18,  and  Neoplastic  Diseases,  Phila.,  1928,  p.  355;  Frew, 

R.  S.,  Quart.  Journ.  Med.,  Oxford,  1910-11,  iv.  123;  Heaton,  G.,  Trans.  Path. 
Soc.  Lond.,  1898,  xlix.  140  ;  Hutchison,  R.,  Quart.  Journ.  Med.,  Oxford,  1907-8, 
i.  38;  KijsTER,  H.,  Virchows  Arch.,  1905,  elxxx.  117;  Lewis,  D.,  and  Ge- 
schickter,  C.  F.,  Arch.  Surg.,  Chicago,  1934,  xxviii.  16;  Oberling,  C.,  et 
Raileanu,  C.,  Bull.  Assoc,  f rang,  pour  V etude  du  cancer,  Paris,  1932,  xxi.  333; 
Parker,  R.  W.,  Trans.  Path.  Soc.  Lond.,  1880,  xxxi.  291;  Pepper,  W.,  Am. 
Journ.  Med.  Sc.,  Phila.,  1901,  cxxi.  287 ;  Reid,  H.  R.,  Ann.  Surg.,  Phila.,  1928, 
Ixxxviii.  516;  Tileston,  W.,  and  Wolbach,  S.  B.,  Am.  Journ.  Med.  Sc.,  Phila., 
1908,  cxxv.  871;  Wiesel,  J.,  Virchows  Arch.,  1905,  elxxx.  552;  Wolbach, 

S.  B.,  and  Morse,  J.  L.,  Am.  Journ.  Child.  Dis.,  Chicago,  1918,  xvi.  63  ;  Wright, 
J.  H.,  Journ.  Exper.  Med.,  Baltimore,  1910,  xii.  556. 

Primary  Malignant  Melanoma. 

Davidsohn,  C.,  Verhandl.  d.  deutsch.  path.  Gesellsch.,  Jena,  1909,  287;  Glynn, 
E.  E.,  Quart.  Journ.  Med.,  Oxford,  1911-12,  v.  157  ;  McComb,  R.  A.,  and  Smith, 
D.  B.,  Journ.  Urol.,  Baltimore,  1933,  xxx.  49;  MacLachlan,  W.  W.  G., 
Journ.  Med.  Res.,  Boston,  1915-16,  xxxiii.  93;  Pappenheimer,  A.  M.,  Proc. 
New  York  Path.  Soc.,  1914,  n.s.,  xiv.  173;  Tuczek,  K.,  Beitr.  z.  path.  Anat.  u.  z. 
allg.  Path.,  Jena,  1914,  lviii.  250. 

Malignant  Ph aeochrom ocytoma. 

Eisenberg,  A.  A.,  and  Wallenstein,  H.,  Arch.  Path.,  Chicago,  1932,  xiv.  818; 
Geschickter,  C.  F.,  ibid.,  1933,  xv.  775;  King,  E.  S.  J.,  Journ.  Path,  and 
Bacteriol.,  Edin.,  1931,  xxxiv.  447 ;  Willis,  R.  A.,  The  Spread  of  Tumours  in 
the  Human  Body,  Lond.,  1934,  p.  144. 

Metastases  in  Adrenals. 

Rolleston,  H.  D.,  System  of  Medicine  (Allbutt  and  Rolleston),  1908,  iv  (part,  i), 
433;  Willis,  R.  A.,  The  Spread  of  Tumours  in  the  Human  Body,  Lonch,  1934, 
p.  276. 


Other  Morbid  Conditions 

A  brief  reference  may  be  made  to  conditions  not  described  else¬ 
where.  As  Jonathan  Hutchinson  pointed  out  in  December,  1855, 
examination  of  the  adrenals  after  death  had  been  almost  entirely 
neglected  before  Addison's  monograph  appeared.  Matthew  Baillie 
(1761-1823),  in  his  The  Morbid  Anatomy  of  Some  of  the  More  Im¬ 
portant  Parts  of  the  Human  Body ,  stated  that  the  ‘renal  capsules’ 
are  scarcely  ever  found  to  be  diseased  and  that  in  one  case  only  had 
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he  seen  scrofula  in  them ;  this  statement  in  the  second  edition 
(1797)  remained  unaltered  in  Wardrop  s  edition  of  his  works  in 
1825. 

Haemorrhages  occur  in  several  conditions  ;  small  embolic  haemor¬ 
rhages  are  not  infrequent  in  pyaemia  and  malignant  endocarditis, 
and  may  occur  in  other  infections  and  intoxications,  such  as  diph- 
theria  and  spirochaetosis  icterohaemorrhagica.  Large  haemorrhages 
into  both  glands  occur  in  children  and  may  prove  fatal ;  their  aetio¬ 
logy  is  uncertain  ;  as  they  have  been  found  in  unvaccinated  children, 
haemorrhagic  smallpox  has  been  suggested  (Andrewes,  1898),  as 
have  meningococcal  infection  (Rutishauser  and  Barbey,  1936),  food 
poisoning,  and  an  acute  toxaemia  of  unknown  origin  (Dudgeon, 
1904).  It  may  be  a  purpuric  manifestation  of  the  haemorrhagic 
diathesis  in  the  new-born.  Trauma  in  the  process  of  birth,  especially 
in  breech  presentations  (Browne,  1921),  was  described  by  Spencer 
(1892);  both  adrenals,  particularly  the  medulla,  may  be  involved 
and  appear  to  be  the  cause  of  death;  degeneration  of  the  foetal 
cortex  ( vide  p.  309)  has  been  thought  to  favour  the  extravasation. 

The  symptoms  vary ;  but  the  most  characteristic  are  sudden  onset 
of  violent  pain  radiating  to  the  loins,  fever,  vomiting,  diarrhoea,  con¬ 
vulsions,  and  later  tympanites,  collapse,  and  death  within  48  hours  of 
the  onset.  Some  cases  show  purpura  (Graham  Little,  1901). 

Treatment.  In  suspected  cases  treatment  should  be  directed  to 
combating  collapse  by  warmth  and  to  stimulation  by  injection  of 
adrenaline  and  cortical  extract.  Recovery  has  been  reported  after 
blood  transfusion  and  glucose  (Goldzieher  and  Gordon,  1932). 

In  myasthenia  gravis  lymphorrhages  were  described  by  F.  Buz¬ 
zard  (1905).  The  lipoids  in  the  cortex  are  increased  in  arteriosclerosis 
and  chronic  nephritis,  but  are  rapidly  depleted  in  acute  infections ; 
adrenaline  is  also  diminished  in  infections,  and  markedly  in  afebrile 
acute  cardiac  failure  (Elliott,  1914). 

Miliary  tubercles  both  in  the  cortex  and  medulla  occur  in 
generalized  tuberculosis ;  caseous  tuberculosis  in  the  medulla  is  not 
infrequently  found  in  cases  without  any  clinical  evidence  of  Addison  s 
disease.  It  is  haematogenous  in  most  instances  ;  in  a  third  of  72  cases 
the  adrenals  were  the  only  part  of  the  body  infected  (Gsell  and 
Uehlinger,  1933).  In  some  cases  the  tuberculous  lesion  has  been 
thought  to  start  in  the  middle  of  the  cortex. 

In  congenital  syphilis  the  Treponema  pallidum i  is  almost  con¬ 
stantly  present,  often  without  any  morbid  lesion;  macroscopic 
gummata  are  extremely  rare  ;  Winogradow  (1898)  recorded  a  calcified 
gumma  in  an  infant  57  days  old;  Girode  (1890)  and  Oberndorfer 
(1900)  reported  1  each  ;  miliary  gummata,  such  as  are  common  in  the 
liver,  have  often  been  described,  but  were  stated  to  be  necroses  by 
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Fite  (1931),  who  found  the  commonest  change  to  be  islands  of 
haemoblastic  tissue  such  as  are  also  frequent  in  the  liver.  Simmonds 
(1914)  described  as  the  most  frequent  and  characteristic  lesion, 
‘ perihypernephritis  syphilitica’,  a  thickening  of  the  capsule  which 
may  invade  the  cortex. 

Amyloid  change  was  first  described  by  Wilks  (1860)  and  is  not 
uncommon.  It  is  most  marked  in  the  cortex.  In  rare  instances  it  has 
been  associated  with  Addison’s  disease  without  any  other  lesion, 
such  as  tuberculosis  (Wells,  1933),  in  the  adrenals  (vide  p.  345).  In 
one  such  case  the  amyloid  change  was  ascribed  to  a  renal  Grawitz 
tumour  (McCrutcheon,  1923). 

Actinomycosis  has  in  rare  instances  of  a  pyaemic  character  in¬ 
volved  the  adrenals,  or  spread  to  the  right  adrenal  from  the  liver. 
Caseation  in  coccidioidal  infection  was  reported  by  Ophuls  (1871  — 
1933)  in  1905. 
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THE  GONADS 


The  hormones  and  relations  of  the  gonads  with  the  anterior  lobe  of 
the  pituitary,  which  has  been  called  the  moteur  de  la  vie  sexuelle, 
have  recently  been  extensively  explored  and  thus  their  complexity, 
especially  of  those  of  the  female  organs,  has  been  revealed. 

TESTES 

The  gonads,  male  and  female,  are  derived  from  a  thickening  of 
the  coelom — i.e.  epithelium  on  the  inner  side  of  the  uro-genital  ridge, 
and  consist  of  primitive  genital  elements  which  have  been  described 
as  being  then  in  a  hermaphrodite  stage,  the  cortex  being  destined  to 
become  the  ovary  and  the  central  portion  to  develop  into  testis ;  no 
authentic  case  of  an  ovary  and  a  testis  in  the  same  body  has  been 
admitted,  but  the  male  and  female  elements  have  been  both  found  in 
the  same  gonad,  an  ovo-testis,  of  which  Bulloch  (1909)  accepted 
5  examples.  Usually  one  atrophies  and  the  other  persists.  The  testis 
can  be  recognized  at  the  fifth  month  of  foetal  life  (Frazer,  1931). 

The  resemblance  has  also  been  shown  by  recent  endocrinological 
research.  The  male  and  female  sex  hormones  are  closely  related,  are 
present  in  the  urine  of  both  sexes,  are  stated  to  be  both  derived  from 
sterols  (Butenandt,  1932),  and  are  oxyketones,  the  male  differing 
from  the  female  hormone  in  being  fully  saturated  (Tscherning,  1933). 
Man  is  the  only  species  in  which  the  descent  of  the  testes  into  the 
scrotum  is  usually  complete  at  birth  (Engle,  1932).  Sometimes,  how¬ 
ever,  the  testes  are  not  actually  in  the  scrotum  at  birth,  though  this 
occurs  shortly  afterwards.  The  descent  of  the  testes  due  to  the  action 
of  the  gubernaculum  testis  has  been  explained  by  the  need  for  the 
development  of  the  testes  of  a  temperature  below  the  normal,  this 
being  provided  by  the  scrotum  (Moore,  1924). 

Anatomy.  The  testis  has  a  firm  capsule,  the  tunica  albuginea, 
which  lies  under  the  tunica  vaginalis  and  at  the  posterior  border  of 
the  testes  is  prolonged  for  about  8  mm.  into  the  substance  of  the 
gland  as  a  triangular  area  of  condensed  fibrous  tissue ;  this  is  the 
corpus  Highmorianum,  called  after  Nathaniel  Highmore  (1613-85), 
who  in  1651  gave  an  account  of  the  testis  ;  Astley  Cooper  (1768-1841 ) 
described  it  in  1830  as  the  mediastinum  testis  ‘from  its  situation’. 
Regnier  de  Graaf  (1641-73)  in  1668,  four  years  before  his  better- 
known  work  on  the  ovary,  published  his  observations  on  the  testis 
which  he  described  as  made  up  of  small  tubes  forming  lobules. 

The  hydatid  described  by  Morgagni  (1682-1771)  in  1761  and  called 
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by  Gosselin  (1815-87)  in  1848  the  appendix  of  the  testicle,  is  present 
in  90  per  cent,  of  bodies.  It  is  the  remains  of  the  blind  end  of  the 
Wolffian  duct.  It  resembles  the  fimbriated  end  of  the  Fallopian  tube, 
corresponds  to  the  hydatid  of  Morgagni  in  the  female,  is  near  the 
globus  major  of  the  epididymis,  and  is  composed  of  fibrous  tissue 
and  blood-vessels.  It  is  pedunculated,  pear-shaped,  and  by  under¬ 
going  torsion  may  imitate  idiopathic  epididymitis;  Dix  (1931) 
collected  42  such  cases.  A  smaller  sessile  hydatid,  the  ‘appendix  of 
the  epididymis’,  is  derived  from  Muller’s  duct  and  is  never  cystic 
(Griffiths,  1894). 

The  organ  of  Giraldes  was  described  in  1861  by  Jachim  Albin 
Giraldes  (1808-75),  a  Portuguese  surgeon  in  Paris.  It  is  also  called 
the  paradidymis  of  Waldeyer.  Situated  above  the  head  of  the  epididy¬ 
mis,  it  consists  of  some  convoluted  tubules  lined  with  columnar 
epithelium ;  they  are  vestiges  of  the  Wolffian  body. 

The  epididymis  (Wolffian  body),  consisting  of  the  globus  major, 
the  body,  and  the  globus  minor,  receives  the  semen  from  the  testes 
which  passes  through  the  tubuli  recti  in  the  mediastinum  testis, 
the  rete  vasculosum,  and  the  vasa  efferentia ;  the  last,  above  20  in 
number,  enter  the  globus  major,  are  continued  into  the  convoluted 
canal  of  the  epididymis,  and  so  to  the  vas  deferens. 

The  Wolffian  duct  gives  origin  to  the  vas  deferens  and  the  vesiculae 
seminales.  The  vas  aberrans,  named  by  Haller,  runs  from  the  lower 
part  of  the  canal  of  the  epididymis  or  from  the  beginning  of  the  vas 
deferens,  and  being  about  3  cm.  in  length  becomes  a  convoluted  mass 
extending  for  an  inch  or  so  in  the  spermatic  cord.  It  is  probably 
derived  from  the  Wolffian  duct. 

Histology.  The  convoluted  seminiferous  tubules  are  lined  by 
several  layers  of  cells  resting  on  a  thick  basement  membrane.  The 
most  external  layer  of  seminal  cells,  known  as  spermatogonia,  are 
cubical  and  clear,  some  of  which  are  undergoing  division  into  two, 
one  of  which  remains  in  situ,  the  other  passing  inwards ;  internal  to 
them  are  the  larger  spermatocytes  derived  by  division  of  the  sperma¬ 
togonia  ;  the  internal  layer  of  spermatids  are  the  result  of  division 
of  the  spermatocytes  and  become  the  spermatozoa.  In  order  to 
throw  light  on  the  question  if  the  tubules  are  single  and  blind 
Bremer  (1911 )  cut  serial  sections,  and  from  their  reconstruction  found 
that  the  seminal  tubules  may  be  single  and  end  blindly  or  may 
branch  and  anastomose. 

Sertoli  cells  are  situated  at  intervals  on  the  basement  membrane 
of  the  seminal  tubules  between  the  spermatogenic  cells.  They  do  not 
disappear  as  the  spermatogenic  cells  do  after  ligature  of  the  vas 
deferens ;  but  they  do  not,  as  the  interstitial  cells  do,  increase  in 
number  (Bouin  and  Ancel,  1904).  They  probably  support  and  supply 
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nourishment  to  the  developing  spermatozoa,  and  do  not  provide  an 
internal  secretion  or  form  spermatozoa.  It  has  been  stated  that  after 
ligature  of  the  spermatic  artery  they  become  interstitial  cells  (E. 
Aron,  1929). 

The  interstitial  cells  of  the  testis  were  first  described  in  1850  by 
Leydig  (1821-1908)  and  are  also  known  as  ‘Leydig  cells’.  Bouin  and 
Ancel  (1903)  called  them  ‘the  interstitial  gland  of  the  testis’,  and 
Steinach  in  1911  introduced  the  term  ‘ puberty  gland’.  They  have 
been  thought  to  be  derived  from  the  cords,  described  by  Pfliiger 
(1829-1910),  which  give  rise  to  the  seminal  tubules,  but  they  have 
also  been  regarded  as  modified  connective — tissue,  plasma  cells 
(Allen,  1904).  They  appear  when  the  human  embryo  is  45  mm.  long, 
before  the  germinal  cells  have  acquired  distinctive  sex  characters, 
and  are  very  numerous  at  the  fifth  month  of  foetal  life.  Shattock 
(1897)  compared  them  with  the  islands  of  Langerhans  from  an 
endocrine  point  of  view,  and  pointed  out  an  histological  resemblance 
to  the  cells  of  the  adrenal  cortex.  They  lie,  often  in  groups,  in  the 
intertubular  stroma,  in  close  contact  with  blood  vessels.  They  are 
flattened,  polyhedral,  yellow  in  colour,  and  after  puberty  contain 
lipoid  globules,  the  function  of  which,  according  to  Mott  (1919),  is  to 
provide  the  raw  material  for  the  nucleic  acid  necessary  for  the  forma¬ 
tion  of  spermatozoa.  In  adult  life  they  contain  elongated  crystal¬ 
loids,  a  brown  lipochrome  which  increases  in  old  age,  and  granules 
which  have  been  thought  to  yield  the  internal  secretion.  Vitamin  C 
has  been  shown  to  be  present  by  the  silver  method  of  Giroud  and 
Leblond  (1934).  The  visibility  of  the  interstitial  cells  varies  with  that 
of  the  seminiferous  tubules  and  at  different  ages.  It  has  been  esti¬ 
mated  that  they  constitute  13  per  cent,  of  the  whole  testis. 

Teem  (1935),  from  an  extensive  examination  of  504  testes  and  pros¬ 
tates,  found  that  the  interstitial  cells  reach  their  highest  average 
number  between  the  ages  of  10  and  19  years,  and  then  gradually  and 
progressively  diminish  in  number.  But  after  the  age  of  40,  and  par¬ 
ticularly  60,  years  the  size  of  the  individual  cells,  their  granularity 
and  lipochrome  pigment  increase.  He  concluded  that  the  histological 
appearances  of  the  interstitial  cells  support  the  general  view  that 
they  have  an  internal  secretion,  but  that  it  is  not  the  male  sex 
chalone.  The  latter  conclusion  was  based  on  the  inverse  proportion 
of  the  size  of  the  prostate,  which  increases  from  birth,  and  of  the 
number  of  interstitial  cells,  which  diminishes  from  adolescence.  The 
interstitial  cells  do  not,  like  the  seminal  tubules,  undergo  atrophy 
under  the  conditions  of  X-ray  exposure  and  after  ligature  of  the  vas 
deferens.  The  function  of  the  interstitial  cells  has  been  much  dis¬ 
cussed  ;  it  has  been  thought  that  they  provide  an  internal  secretion 
concerned  in  the  development  of  the  secondary  sex  characteristics 
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and  the  sexual  instincts  (Shattock,  1897  ;  Shattock  and  Seligmann, 
1905  ;  Bonin  and  Aneel,  1903).  Mott  (1853-1926),  who  made  many 
examinations  of  the  interstitial  cells,  especially  in  schizophrenia  and 
other  forms  of  mental  degeneration,  concluded,  in  1922,  that  in  foetal 
life  they  acted  as  sex  determinants  and  later  in  life  are  responsible  for 
the  libido.  On  the  other  hand,  it  has  been  suggested  that  they  assist 
the  seminal  tubules  in  the  formation  of  a  hormone  (Harms,  1922)  or 
store  it  (Berblinger,  1921),  or  that,  like  the  Sertoli  cells,  they  merely 
exert  a  trophic  effect  in  the  seminiferous  tubules. 

Cryptorchidism  and  Ectopia  Testis.  In  about  10  per  cent,  of 
infants  the  testes  do  not  reach  the  scrotum  at  birth,  but  this  descent 
may  be  completed  soon  after.  The  failure  to  descend  is  more  often 
unilateral ;  but  among  96  cases  this  difference  was  not  very  great 
(Thiessen  and  Walters,  1935) ;  the  position  of  the  undescended  testes 
in  this  series  was  as  follows  in  percentages :  in tr a- abdominal  19,  at  the 
internal  inguinal  ring  3,  in  the  inguinal  canal  42,  and  at  the  external 
inguinal  ring  37.  An  ectopic  position,  in  the  perineum  or  in  Scarpa’s 
triangle,  has  been  ascribed  to  abnormal  attachments  of  the  guber- 
naculum  testis.  Bilateral  failure  of  descent  may  occur  in  Frohlich’s 
adiposo-genital  dystrophy  (Sexton,  1934)  and  also  in  association  with 
other  malformations,  such  as  hypospadias  and  fissure  of  the  scrotum. 

According  to  Vines  (1934)  the  histological  condition  of  the  retained 
testis  differs  in  the  unilateral  and  bilateral  forms ;  in  both  the  testes 
are  equally  immature  before  puberty ;  but  after  puberty  regressive 
changes,  which  may  result  in  complete  atrophy,  occur  in  the  unilateral 
cases ;  whereas  in  the  bilateral  cases  some  degree  of  mature  function 
is  maintained,  and  the  conclusion  was  drawn  that  the  bilateral  cases 
were  due  to  some  extra-genital  influence.  Griffiths  (1892)  stated  that 
spermatogenesis  never  occurs. 

It  has  been  estimated  that  cryptorchidism  is  associated  with  a 
congenital  inguinal  hernia  or  hernial  sac  in  85  per  cent,  of  the  cases. 
Malignant  disease  has  been  stated  to  occur  50  times  and  teratomas 
200  times  more  often  in  undescended  than  in  scrotal  testes  ;  but  these 
figures  have  not  escaped  criticism.  While  agreeing  that  ectopic  testes 
were  more  exposed  to  injury  McAdam  Eccles  contested  any  increased 
liability  to  malignant  disease. 

Injection  of  anterior  pituitary  extract  and  of  pregnancy  urine  was 
shown  by  Engle  (1932)  to  lead  to  descent  of  the  testis  in  immature 
macacus  monkeys,  and  it  was  pointed  out  in  support  of  the  relation 
between  the  mechanism  that  it  is  only  in  the  human  species  that 
the  testes  reach  the  scrotum  at  birth,  and  that  the  human  female  is 
the  only  one  in  which  a  gonad- stimulating  principle  is  present  in  the 
circulation  throughout  pregnancy.  Cohen  (1934)  reported  descent  of 
the  testes  in  boys  after  injection  of  pituitary-like  principle  from 
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pregnancy  urine,  and  Spence  and  Scowen  (1934),  obtaining  similar 
results  in  more  than  half  of  the  boys  thus  treated,  recommended  that 
this  treatment  should  be  tried  before  recourse  to  operation,  the 
results  of  which  had  not  always  been  very  satisfactory.  Torek  s 
operation,  however,  of  maintaining  the  testes  in  the  scrotum  by 
temporary  fixation  to  the  fascia  lata  of  the  thigh  has  been  very 
effective.  Thiessen  and  Walters  reported  79  per  cent,  of  successes. 

Polyorchidism.  This  remarkable  condition,  now  known  to  be 
very  rare,  was  formerly  believed  to  be  not  infrequent,  and  to  confer 
supervirility,  as  in  the  case  of  the  legendary  man  who  was  sexually 
active  up  to  the  age  of  125  and  lived  to  reach  that  of  169  years. 
Ambroise  Pare  (1510—90)  believed  in  the  existence  of  these  multiple 
testes,  and  as  many  as  five  cases  were  accepted  by  others.  The  first 
medical  journal,  the  Nouvelles  decouvertes  sur  toutes  les  parties  de  la 
medecine  (1679-81),  edited  by  Nicolas  de  Blegny  (1652-1722)  con¬ 
tains  a  record  of  bilateral  reduplication  of  the  testes  which,  however, 
raises  the  suspicion  of  cysts  of  the  epididymis.  Lucas-Championniere 
(1843-1913)  gave  a  good  account  of  the  history  of  poly  orchidism  in 
1900,  and  referred  to  the  easy  credulity  in  this  respect  of  Georges 
Arnaud  (1698-1774),  a  well-known  authority  on  hernia.  Boggon 
(1933)  accepted  as  the  earliest  authentic  case  that  of  three  testes 
reported  by  Blasius  or  Gerard  Blaes  (1624-82)  of  Amsterdam  in 
1677.  Edington  and  Blacklock  (1928)  collected  9  cases  in  which 
duplication  or  abnormal  subdivision  of  the  body  of  the  testis  had 
been  confirmed  microscopically,  and  Boggon  brought  the  number  up 
to  12,  9  of  which  were  left-sided,  and  6  showed  spermatogenesis.  The 
usual  condition  has  been  an  additional  testis  on  one  side  with  one  vas 
deferens  and  an  epididymis  stretched  out  so  as  to  serve  both  parts  of 
the  testis,  the  vas  deferens  and  epididymis  being  normally  developed 
from  the  Wolffian  duct.  The  subdivision  of  the  body  of  the  testis  is 
due  to  an  irregularity  in  its  embryonic  development  from  the  genital 
ridge. 
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mann,  C.  G.,  Trans.  Path.  Soc.  Bond.,  1905,  lvi.  57;  Steinach,  E.,  Zentralbl.  f. 
Physiol.,  Leipz.  et  Wien.,  1911,  xxv.  723;  Teem,  M.  V.,  Proc.  Staff  Meetings, 
Mayo  Clinic,  1935,  x.  246. 

Cryptorchidism  and  Ectopia  Testis. 

Cohen,  S.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1934,  ciii.  103;  Engle,  E.  T., 
Endocrinol.,  Los  Angeles,  1932,  xvi.  513;  Griffiths,  J.,  Journ.  Anat.  and 
Physiol.,  1892-3,  xxvii.  483;  Sexton,  D.  L.,  Endocrinol.,  Los  Angeles,  1934, 
xviii.  47;  Spence,  A.  W.,  and  Scowen,  E.  F.,  Proc.  Roy.  Soc.  Med.,  1934, 
xxviii.  427 ;  Thiessen,  N.  W.,  and  Walters,  W.,  Proc.  Staff  Meetings,  Mayo 
Clinic,  1935,  x.  132;  Torek,  F.,  New  York  Med.  Journ.,  1909,  xc.  948;  Vines, 
H.  W.  C.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1935,  xl.  161. 

Poly  orchidism. 

Blasius,  G.,  Observationes  medicae  rariores,  Amstelodami,  1677,  p.  60,  fig. 
p.  112;  Boggon,  R.  H.,  Brit.  Journ.  Surg.,  Bristol,  1933,  xx.  630;  Edington, 
G.  H.,  and  Blacklock,  J.  W.  S.,  Brit.  Med.  Journ.,  1928,  i.  937;  Lucas- 
Championniere,  J.  M.,  Journ.  de  med.  et  chir.  prat.,  Paris,  1900,  4  s.,  lxxi.  481. 

The  Male  Sex  Hormones 

A  vague  foreshadowing  of  endocrinology  has  been  read  by  Victor 
Robinson  into  a  passage  of  Aretaeus  ‘for  it  is  the  semen,  when 
possessed  of  vitality,  which  makes  us  to  be  men,  hot,  well  braced  in 
limbs,  well  voiced,  spirited,  strong  to  think  and  act’.  The  waning  of 
sexual  activity  with  advancing  years  must,  early  in  the  history  of 
medicine,  have  suggested  that  the  testes  were  a  source  of  energy  and 
so  the  use  of  testicular  extracts  for  failing  vigour  and  weakness  ;  thus 
Johannes  Mesue,  the  elder  (777-837),  prescribed  orchitic  extract  as 
an  aphrodisiac  and  for  pulmonary  consumption.  In  the  eighteenth 
century  the  germ  of  an  internal  secretion  of  the  testes  appears  in  the 
writings  of  de  Bordeu  in  1775,  and  of  Hufeland  (1762-1836)  in  1797 
( vide  p.  18).  This  theoretical  conception  of  an  internal  secretion 
anticipated  by  half  a  century  the  practical  proof  provided  in  1849  by 
Berthold  that  the  well-known  effects  of  castration  in  the  cock  could 
be  prevented  by  grafting  the  testes  elsewhere  in  the  bird’s  body. 
This  important  observation  was  forgotten  until  Biedl  in  1910  drew 
attention  to  it,  and  Pezard  (1911)  confirmed  it. 
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Brown-Sequard’s  enthusiastic  belief  in  the  rejuvenating  power  of 
testicular  medication  began  in  1869  with  the  suggestion,  which  he 
did  not  put  into  practice,  that  the  injection  of  semen  into  the  blood 
of  old  men  would  increase  their  physical  and  mental  powers.  In  1875 
he  tried  unsuccessfully  testicular  grafting  in  guinea-pigs,  and  in  1889 
he  employed  hypodermic  injections  of  a  mixture  of  the  juice  of  testes, 
the  blood  of  the  spermatic  vein  and  water,  to  bring  about  rejuvenation, 
and  was  convinced  that  he  gained  much  from  his  own  treatment. 

The  same  results  as  those  of  Berthold  (1849)  and  Pezard  (1911) 
was  obtained  by  the  hypodermic  injection  of  an  extract  of  the  testis 
(Moore,  Price,  and  Gallacher,  1930).  The  male  hormone  influences 
the  primitive  cells  and  the  body  as  a  whole  (Ancel  and  Bouin,  1903). 
Experimental  injection  of  the  pituitary  gonadotropic  hormone  pro¬ 
duces,  through  the  testes,  prostatic  enlargement  in  rats;  whereas 
castration  is  followed  by  atrophy  of  the  prostate  and  the  seminal 
vesicles,  and  by  enlargement  of  the  pituitary  and  the  adrenal  cortex. 

The  origin  of  the  male  sex  hormone  has  been  much  discussed ; 
originally  the  interstitial  cells  of  the  testis  were  regarded  as  storing 
up  and  dealing  out  nutritive  material  to  the  spermatogenic  cells. 
That  they  provided  the  testicular  hormone  was  suggested  by  Reinke 
(1896)  and  by  Shattock  (1897),  and  definitely  stated  by  Bouin  and 
Ancel  (1903).  The  physiology  and  origin  of  the  testicular  hormones 
have  recently  been  critically  examined  and  knowledge  increased.  There 
is  some  evidence  that  the  testis  has  two  internal  secretions  (Lower, 
1933) ;  but  Moore  (1935)  did  not  regard  this  as  proved,  for  supposing 
there  were  several  hormones  4  the  facts  available  indicate  a  similarity 
so  close  that  all  are  extracted  by  the  same  means  and  react  alike 
to  purification’.  The  extract  is  undoubtedly  powerful,  having  been 
shown  to  induce  the  growth  of  the  capon’s  comb,  to  prevent  or  repair 
the  changes  produced  by  castration,  such  as  maintenance  of  the  life 
of  spermatozoa  in  the  epididymis,  and  prevention  of  the  appearance 
of  castration  cells  in  the  anterior  pituitary.  The  testicular  hormone 
does  not  stimulate  the  testis,  though  it  does  have  this  effect  on  the 
accessory  sex  organs.  Injection  of  the  testicular  hormone  when 
sufficiently  concentrated  injures  the  seminal  tubes  (Moore  and  Price, 
1932),  and  injection  of  oestrogenic  substances  had  the  same  effect; 
this  has  been  supposed  to  take  place  through  the  pituitary,  which  no 
longer  supplies  a  substance  necessary  for  normal  gonad  activity. 

The  fat -soluble  hormone,  regarded  as  derived  from  the  interstitial 
cells  has  been  called  androtin,  androkynin,  and  androsterone.  It 
corresponds  to  oestrin  in  the  female.  It  was  isolated  in  a  crystalline 
form  in  1931  by  Butenandt  from  male  urine,  and  has  been  prepared 
synthetically  in  crystals  (Ruzicka,  et  ah,  1934).  The  hormone  tes¬ 
tosterone  (Laqueur)  has  been  produced  from  cholesterol. 
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The  other  hormone  described  is  ‘inhibin’,  a  water-soluble  hormone, 
secreted  by  the  spermatogenic  tubules  ;  it  is  said  to  prevent  excessive 
secretion  of  the  pituitary  gonadotropic  hormone  (McCullagh,  1932). 

It  has  been  thought  that  with  advancing  years  and  atrophy  of  the 
spermatogenic  tubules  the  secretion  of  inhibin  diminishes  and  accord¬ 
ingly  the  pituitary  gonadotropic  hormone  is  able  to  stimulate  more 
powerfully  the  interstitial  cells  to  secrete  the  male  hormone  and  so  to 
cause  prostatic  hypertrophy.  This  mechanism  might  be  invoked  to 
justify  Brown-Sequard’s  enthusiastic  belief  that  injections  of  testicular 
juice  acted  beneficially  in  his  own  case.  It  is  possible  that  Close’s 
observation  (1934),  that  in  prostatic  patients  the  incidence  of  chromo¬ 
phobe  adenomas  of  the  pituitary  was  five  times  higher  than  the 
average,  may  have  some  bearing  on  this  problem.  Another  explana¬ 
tion  of  prostatic  hypertrophy  may  be  mentioned  here,  namely,  that 
it  is  a  pathological  disturbance  of  the  balance  between  the  testicular 
hormone  and  oestrin,  both  of  which  are  present  in  the  urine  (Koren- 
chevsky  and  Dennison,  1935).  Burrows  (1935)  brought  forward 
experimental  evidence,  from  injection  of  mice  with  oestrin,  that 
hypertrophy  of  the  prostate  is  due  to  the  selective  action  of  oestrin 
on  those  parts — the  uterus  masculinus  and  the  adjacent  part  of  the 
urethra  and  part  of  the  prostate — embryologically  related  to  the 
Mullerian  ducts.  In  the  newly  born  the  prostate  and  sometimes  the 
mammae  are  larger  than  later,  as  a  result  of  the  large  amount  of  oestrin 
in  the  maternal  blood.  Cheatle  and  Wale  (1930)  pointed  out  the  re¬ 
semblance  between  Brodie’s  cystic  disease  of  the  mamma  and  prostatic 
hypertrophy.  The  prevention  or  cure  of  enlarged  prostate  would 
depend  on  some  means  of  inhibiting  or  inactivating  the  oestrogenic 
compounds  in  the  male.  Van  Cappellen  (1933)  reported  very  good 
results  from  treatment  by  the  male  hormone. 

Watery  and  saline  extracts  of  the  testis  are  known  to  enhance  the 
lesions  of  various  virus  diseases,  and  the  growth  rate  of  the  Rous 
chicken  sarcoma,  which  may  be  a  virus  infection,  has  been  found  to 
be  accelerated  by  the  addition  of  rabbits’  testicular  extract  to  the 
inoculum  (Hoffmann,  Parker,  and  Walker,  1930).  But  extract  of 
rabbits’  testes  was  shown  not  to  exert  any  effect  on  the  growth 
of  real  mammalian  new  growth  (Prime  and  Haagensen,  1934). 

Berthold,  A.  A.,  Arch.  f.  Anat.,  Physiol,  u.  wissensch.  Med.,  Berlin,  1849, 
42 ;  de  Boedeu,  T.,  Recherches  sur  les  maladies  chroniques,  Paris,  1775  ;  Botjin, 
P.,  et  Ancel,  P.,  Compt.  rend.  Acad.  d.  sc.,  Paris,  1904,  cxxxviii.  168;  Brown- 
Sequard,  C.  E.,  Arch,  de  physiol,  norm,  et  path.,  Paris,  1889,  5  s.,  i.  651 ;  1890, 
5  s.,  ii.  201 ;  Bulloch,  W.,  Treasury  Human  Inheritance,  1909,  part  3,  sect.  10  a, 
p.  50;  Butenandt,  A.,  Ztschr.f.  angew.  Chem.,  Berlin,  1931,  xliv.  905;  Bur¬ 
rows,  H.,  Am.  Journ.  Cancer,  Lancaster,  Pa.,  1935,  xxiii.  490;  Cappellen, 
D.  van,  Deutsche  med.  Wchnschr.,  1933,  lix.  726;  Cheatle,  G.  L.,  and  Wale, 
R.  S.,  Brit.  Journ.  Surg.,  Bristol,  1930,  xvii.  619;  Close,  H.  G.,  Lancet,  1934, 
i.  732;  Hoffmann,  D.  C.,  Parker,  F.,  and  Walker,  T.  T.,  Am.  Journ.  Path., 
Boston,  1931,  vii.  523;  Hufeland,  C.  W.,  The  Art  of  Prolonging  Life,  Engl. 
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fcransl.,  Lond.,  1797,  i.  227 ;  Korenchevsky,  V.,  and  Dennison,  M.,  Proc.  Roy. 
Soc.  Med.  Lond.,  1935,  xxvii.  1265;  Lower,  W.  E.,  Am.  Journ.  Sure/.,  N.Y., 
1933,  n.s.,  xx.  230;  McCullagh,  D.  R.,  Science,  N.Y.,  1932,  lxxvi.  19;  Moore, 
C.  L.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1935,  civ.  1405;  Moore,  C.  L.,  and 
Price,  D.,  Am.  Journ.  Anat.,  Phila.,  1932,  1.  13;  Moore,  C.  L.,  Price,  D.,  and 
Gallacher,  T.  P.,  ibid.,  1930,  xlv.  71 ;  Pezard,  A.,  Compt.  rend.  Acad.  d.  sc., 
Paris,  1911,  cliv.  1183;  idem,  ibid.,  1915,  clx.  260;  Prime,  F.,  and  Haagensen, 
C.  D.,  Am.  Journ.  Cancer,  1934,  xx.  630;  Reinke,  F.,  Arch.  f.  mikr. 
Anat.,  Bonn,  1896,  xlvii.  34;  Ruzicka,  Goldberg,  Meyer,  Brungger,  und 
Eichenberger,  Helvet.  Chem.  Acta,  1934,  xvii,  1395.  Quoted  by  Zondek; 
Tscherning,  K.,  Ergebn.  d.  Physiol.,  1933,  xxxv.  318;  Zondek,  H.,  Diseases 
of  the  Endocrine  Glands,  London,  1935,  p.  70. 


The  effects  of  castration  in  males  differ  according  to  the  time,  before 
or  after  puberty,  when  the  loss  of  the  testis  hormone  is  sustained. 
Before  puberty  growth  is  obviously  more  affected.  The  penis,  pros¬ 
tate,  and  seminal  vesicles  are  small  and  ill  developed,  the  distribution 
of  hair  is  feminine,  the  epiphyses  remain  ununited  longer,  and  the 
length  of  the  limbs,  especially  of  the  lower  extremities,  is  greater  than 
normal,  and  the  boyish  voice  persists.  Post-pubertal  castration  does 
not  produce  such  well-marked  changes  as  in  boyhood ;  atrophy  of  a 
normal  prostate  occurs ;  thus  from  1893  to  about  1901,  following  the 
initiative  of  J.  William  White  (1850-1916)  and  before  the  operation 
of  prostatectomy  was  finally  established,  ligature  of  the  vas  deferens 
was  employed  to  cause  involution  of  the  hypertrophied  prostate. 
This  was  followed  by  atrophy  of  the  seminiferous  tubules,  but  not  of 
the  interstitial  cells.  Eunuchs  often,  but  not  always,  become  fat.  In 
males  castration  may  have  a  considerable  psychological  effect,  and 
a  eunuchoid  state  with  impaired  testicular  structure  may  accompany 
schizophrenia ;  but  it  may  reasonably  be  argued  that  the  two  condi¬ 
tions  are  manifestations  and  results  of  an  underlying  degeneration. 

There  is  not  any  proof  that  absence  of  the  testicular  hormone 
necessarily  damages  an  animal  in  any  respect  other  than  the  breed¬ 
ing  capacity.  Experimental  castration  has  been  followed  by  delay  in 
the  normal  involution  of  the  thymus,  slight  atrophy  of  the  thyroid, 
enlargement  of  the  adrenals  (Korenschevsky  and  Dennison,  1935), 
and  the  appearance  of  castration  cells  in  the  anterior  pituitary. 

Korenchevsky,  V.,  and  Dennison,  M.,  Proc.  Roy.  Soc.  Med.,  Lond.,  1935, 
xxviii.  1265;  White,  J.  W.,  Ann.  Surg.,  Phila.,  1893,  xviii.  153. 

The  Question  of  Rejuvenation.  The  search  for  the  elixir  of  life 
and  a  means  of  rejuvenation  will  probably  always  attract  the 
majority  of  mankind.  Steinach  (1920)  obtained  dramatic  results 
from  experimental  ligature  or  section  of  the  vas  deferens  which 
produces  atrophy  of  the  seminal  tubules  and  apparently  active 
growth  of  the  interstitial  cells.  Apathetic  senile  rats  were  thus  re- 
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juvenated  and  became  sexually  active.  The  effect  has  been  con¬ 
firmed  by  a  number  of  workers.  Reymond  Pearl  (1922),  however, 
after  critical  consideration  of  Steinach’s  work,  concluded  that  there 
was  not  any  proof  of  a  significant  lengthening  of  life.  Rasmussen’s 
summary  of  the  literature  showed  that  the  disputants  were  almost 
equally  balanced  as  regards  numbers.  This  treatment  has  been 
employed  in  men  (Lichtenstern  and  P.  Schmidt,  1931 ),  and  in  women 
X-ray  exposures  of  the  ovaries  and  diathermy  have  been  employed 
to  destroy  the  ova  and  increase  the  growth  of  the  interstitial  cells. 
Voronoff  (1929)  has  perfected  the  technique  of  implanting  apes’  or 
human  testes  into  the  scrotum.  In  human  beings  the  effect  of  sugges¬ 
tion  must  come  into  consideration,  and  the  effect  of  grafting  may  be 
temporary  and  partly  due  to  its  absorption;  Loewy  and  H.  Zondek 
(1921)  found  that  shortly  after  the  operation  there  was  a  temporary 
increase  in  sexual  power,  the  basal  metabolism,  and  sometimes  in 
working  capacity ;  but  in  a  few  weeks  deterioration  had  set  in.  War- 
thin  (1866-1931)  in  1929  was  most  definite  that  ‘the  so-called  re¬ 
juvenation  produced  by  the  sex  hormones  of  the  transplanted  testis 
or  ligation  of  the  vas  is  no  rejuvenation  at  all,  but  is  a  re-erotization 
wholly’,  and  that  'there  is  no  rejuvenation  possible  for  the  senile 
individual ;  the  idea  of  physical  rejuvenation  is  but  a  myth  of  ancient 
lineage  disguised  in  quasi- scientific  garments’. 

Loewy,  A.,  und  Zondek,  H.,  Deutsche  med.  Wchnschr .,  1921,  xlvii.  349  ;  Pearl, 
R.,  The  Biology  of  Death,  Phila.,  1922,  p.  219;  Rasmussen,  A.  T.,  Special 
Cytology  (Cowdry),  N.Y.,  1928,  ii.  1233;  Schmidt,  P.,  The  Conquest  of  Old  Age, 
Lond.,  1931 ;  Steinach,  E.,  Verjiingung  durch  experimentelle  N eubildung  der 
alternden  PuhertatsdriXse,  Berlin,  1920;  Voronoff,  S.,  and  Alexandrescu,  G., 
Testicular  Grafting  from  Ape  to  Man,  Engl,  transl.,  Lond.,  1929;  Warthin, 
A.  S.,  Old  Age:  The  Major  Involution,  N.Y.,  1929,  p.  174;  Zondek,  H.,  Diseases 
of  the  Endocrine  Glands,  Lond.,  1935,  p.  402. 


Tumours 

Teratomas  play  a  specially  important  part  in  the  development 
of  malignant  growths  of  the  testis.  Donati  is  quoted  by  Verneuil  as 
having  recorded  in  1696  in  a  testicular  tumour  a  rudimentary  skull, 
Prochaska  in  1803  as  having  described  foetal  limbs,  and  Andre  de 
Perrone  in  1833  hair,  teeth,  and  bones. 

Teratomas  were  classified  by  Ewing  (1928)  as  follows:  (i)  adult 
embryomas  or  teratomas,  a  relatively  small  group,  encapsuled 
dermoids  containing  hair  and  sebaceous  material,  (ii)  Embryoid  or 
teratoid  (Wilms,  1896)  forming  a  large  proportion  of  testicular 
tumours,  (iii)  Embryonal  malignant  tumours,  the  seminomas. 

Inj  ury,  especially  of  an  undescended  or  ectopic  testis,  has  often 
been  ascribed  as  an  exciting  factor.  Ewing  (1935)  after  much  in¬ 
vestigation  summed  up  strongly  against  any  causal  relation  between 
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trauma  and  new  growth ;  he  pointed  out  that  tumour  growth  arises 
from  the  rete  testis  and  ‘develops  from  sex  cells,  probably  misplaced 
and  more  or  less  embryonal,  which  pursue  an  abnormal  course  of 
foetal  development,  producing  adult  and  embryonal  organs,  in  the 
tissues  of  which  a  malignant  process  is  commonly  engrafted  . 

A  positive  Aschheim- Zondek  test  has  been  obtained  in  all  cases  of 
testicular  teratomas,  and  this  facilitates  their  clinical  diagnosis 
(Ferguson,  1931). 

Adenoma :  a  rare  tumour,  was  described  by  Pick  (1905),  Chevassu 
(1906),  and  Ide  (1933) ;  it  occurs  in  undescended  or  atrophied  testes 
as  multiple  small  nodules,  the  size  of  a  pin  s  head  to  that  of  a  bean, 
yellow  in  colour,  and  composed  of  tubules  lined  by  cylindrical 
epithelium.  It  appears  to  be  much  the  same  as  a  tumour  formed  of 
interstitial  cells. 

Primary  Malignant  Tumours.  The  nomenclature  and  classi¬ 
fications  have  been  confusing.  Astley  Cooper  (1768-1841)  in  his 
account,  based  on  naked-eye  examination,  of  the  testis  (1830), 
which  embodied  his  lectures  for  nearly  forty  years,  described  fully 
‘ hydatid  or  encysted  disease’,  the  term  ‘hydatid  not  necessarily 
signifying  a  cyst  of  parasitic  origin.  Malignant  disease  was  described 
at  length  as  ‘fungoid’  disease,  and  in  a  short  section  on  ‘scirrhus’  he 
expressed  doubt  about  the  existence  of  a  growth  of  the  same  form 
and  appearance  as  in  the  mamma,  viz.  ‘  an  excessively  hard  swelling  ’. 
This  classification  held  the  field  for  a  long  time ;  testicular  tumours 
were  later  spoken  of  as  some  form  of  sarcoma,  as  cystic  myxo¬ 
sarcoma,  as  adenoma,  or  simply  as  cystic  disease  which  according  to 
Curling  (1858)  might  be  either  innocent  or  malignant.  The  change  of 
opinion  may  be  illustrated  by  Paget  s  famous  case  published  in  18o5 
and  re-examined  in  1897  by  Kanthack  and  Strangeways  Pigg- 

In  1855  James  Paget  (1814-99)  recorded  a  simple  cystic  chondroma 
of  the  testis  with  multiple  metastases,  and  this  anomalous  condition 
was  accepted  by  Virchow,  who  in  the  same  year  recorded  a  similar 
case;  in  1882  Butlin  (1845-1912)  was  alone  in  doubting  that  it  was  a 
pure  chondroma;  but  in  1897  Kanthack  (1863-98)  and  Strangeways 
Pigg  (1866-1926)  proved  that  it  was  a  carcinoma,  but  did  not  suggest 
that  it  was  primarily  a  teratoma. 

In  1887  Kocher  and  Langhans  divided  testicular  tumours  into  (i) 
epithelial  growths,  namely,  adenoma,  cystic  tumours,  and  carcinoma  ; 
(ii)  connective  tissue  new  formations,  fibroma,  myoma,  enchon- 
droma,  osteoma;  and  (iii)  teratomas.  Monod  and  Arthaud  (1887) 
classified  testicular  tumours  on  Cohnheim’s  theory  of  inclusion  during 
foetal  life  of  cells  from  various  sources.  Pilliet  (1861-98)  and  Costes 
in  1895  further  developed  this  method  of  classification  and  described 
carcinoma  derived  from  Pfluger’s  cords,  the  Wolffian  body,  and  the 
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male  cell,  all  tumours,  whether  containing  cartilage  or  not,  being 
essentially  carcinomatous . 

In  190G  Chevassu  from  examination  of  128  testicular  growths 
divided  them  into  two  groups;  (a)  carcinoma  derived  from  sper- 
matoblasts  (spermatogonia),  of  a  special  but  variable  histological 
structure,  which  he  called  seminomas ;  composed  of  large  or  small 
spheroidal  cells  they  resemble  a  large  round-celled  sarcoma  or  a 
lymphosarcoma.  The  tumour  may  be  haemorrhagic  and  necrotic, 
and  rapidly  give  rise  to  metastases.  Among  128  testicular  tumours 
he  found  fifty-nine  seminomas  and  sixty-two  embryomas.  ( b )  Tera¬ 
tomas  including  all  the  mixed  tumours.  Ewing  (1911 )  believing  that 
nearly  all  testicular  growths  are  embryonic  and  the  great  majority 
teratomatous,  thus  differed  from  Chevassu  about  seminomas  which 
he  included  among  the  embryonic  tumours.  In  1928  he  put  forward 
the  following  classification:  (i)  adult  embryomas  ;  (ii)  teratoid,  which 
showed  less  differentiation  than  the  first  group;  (iii)  malignant 
embryonic  tumours;  and  (iv)  miscellaneous. 

Malassey  (1877)  described  a  lymphosarcoma  which,  as  Cairns  (1926) 
pointed  out,  is  an  exception  to  any  rule  that  all  testicular  growths  are 
really  of  teratomatous  origin.  A  tumour  close  to,  but  not  in,  the  testis 
with  the  histological  characters  of  an  adrenal  carcinoma  or  perithelioma 
was  described  in  an  infant  10  months  old  by  Debarnardi  (1907),  and 
commented  on  by  Ewing  (1928).  The  authenticity  of  primary  adrenal 
tumours  in  the  testis  was  controverted  by  Glynn  (1921). 

Seminomas,  formerly  called  sarcomas,  are  the  commonest  form 
of  malignant  growth  of  the  testis.  They  have  been  divided  into 
those  of  (a)  the  mesoblastic  type  derived  from  the  undifferentiated 
mother  cells  of  the  tubules  of  the  developing  testis,  and  are  composed 
of  small  deeply  staining  cells  ;  (b)  of  the  spermatogonial  type;  (c)  of 
the  Sertoli  cell  type;  and  ( d )  of  the  mixed  type  (Pruszcznski,  1933). 
The  primary  tumours  and  their  metastases  have  been  found  to  be 
extremely  sensitive  to  X-ray  exposure  by  Beclere  (1934),  who  since 
1905  has  had  remarkably  good  results  in  the  abdominal  metastases. 

Tumour  of  the  interstitial  cells,  though  anticipated  by  Wal- 
deyer  (1878),  Hansemann  (1895),  and  Nussbaum,  was  definitely  de¬ 
scribed  in  1906  by  Chevassu,  who  figured  what  he  then  considered  to 
be  a  unique  specimen.  Cases  have  also  been  reported  by  Diirck 
(1908),  Masson  and  Sencert  (1923). 

Enlargement  due  to  hyperplasia  of  the  interstitial  cells,  on  the 
borderland  of  neoplasia,  have  been  reported  by  Kaufmann  (1908)  in 
two  brothers,  by  Diirck,  and  by  Grynfellt,  True,  and  Guibert  (1933). 
Probably  for  this  reason  the  tumours  of  the  interstitial  cells  have  been 
regarded  as  of  a  low  grade  of  malignancy ;  but  Masson  and  Sencert’ s 
patient  died  with  metastases  four  years  after  removal  of  the  testis. 
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In  several  of  these  cases  the  affected  testis  was  ectopic.  Stewart, 
Bell,  and  Roehlee  (1936)  recorded  a  case  in  a  boy  aged  5  years  with 
precocious  puberty . 

The  tumour  is  composed  of  large  polygonal  cells.  Symptoms 
which  might  be  ascribed  to  endocrine  disorder  are  exceptional. 

Weber  (1929)  quoted  a  case  of  macrogenitosomia,  previously  un¬ 
published,  in  a  boy  aged  9  years  with  an  enlarged  testis  due  to  a  tumour 
derived  from  the  interstitial  cells. 

Chorion-epithelioma.  Malassey  and  Monod  (1878)  described  an 
4  angioplastic  sarcoma’  with  giant  cells,  since  recognized  as  a  chorion- 
epithelioma.  Lawrence  (190  / )  showed  a  specimen  of  a  testis  for  many 
years  in  the  museum  of  University  College,  London,  with  the  label 
4 mixed  sarcoma  and  carcinoma’,  which  was  a  chorion- epithelioma 
occurring  in  a  teratoma ;  in  the  same  year  Victor  Bonney  collected 
twenty  cases  of  testicular  chorion-epitheliomas  reported  by  sixteen 
authors,  and  seven  primary  in  the  ovary.  In  1925  Handheld- Jones 
collected  109  examples  in  the  testis  ( vide  also  p.  416). 

The  occurrence  of  extra-genital  chorion -epitheliomas  in  males  has 
been  doubted  (Prym,  1930)  or,  if  it  has  been  thought  to  occur,  ex¬ 
plained  as  a  metastatic  growth  from  the  testis  (Oberndorfer,  1931). 
Among  131  cases  of  chorion- epithelioma  in  males  8  were  extra- 
testicular  (Heaney,  1933);  Ritchie  (1864-1923)  in  1903  reported  a 
primary  chorion-epithelioma  in  the  mediastinum  of  a  man  aged  24,  and 
Arendt  (1931)  and  Kantrowitz  (1932)  recorded  very  similar  cases. 

Precocious  puberty  has  been  reported  in  a  few  boys  with  testicular 
tumours  not  stated  to  be  interstitial  cell  growths  (Wbber,  19_9). 

Sacchi’s  case  ( J  895),  one  of  the  earliest  recorded,  was  commented  on 
by  Cushing  (1912)  who,  however,  suggested  an  interstitial  cell  origin. 
A  boy,  aged  9|  years,  showed  macrogenitosomia  and  sexual  and  mental 
precocity;  after  excision  of  the  left  testis,  which  contained  a  large 
carcinoma-like  growth,  the  precocity  gradually  disappeared  ( vide  also 

p.  467). 

Feminine  gynaecomastia  and  secretion  of  milk  ha\  e  been  reported, 
especially  in  chorion-epithelioma  (Cairns,  1926). 

Diagnosis.  According  to  Ferguson  (1933)  the  Aschheim- Zondek 
reaction,  if  performed  quantitatively,  enables  a  diagnosis  of  the 
nature  of  the  growth  to  be  made:  in  chorion-epithelioma  10,000  to 
40,000  mouse  units  per  litre,  in  embryonic  carcinomas  2,000  to 
10,000,  in  seminomas  400  to  2,000,  and  adult  teratomas  50  to  500 
mouse’ units  per  litre.  The  reaction  becomes  negative  when  the 
tumour  is  removed,  but  becomes  positive  when  metastases  begin, 
long  before  they  become  clinically  evident.  It  is  probable  that  the 
testicular  tumours  produce  a  substance  which  stimulates  the  anterior 
pituitary  to  secrete  prolan  A  in  excess  (Zondek,  1931). 
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Tumours  of  the  Epididymis 

Cysts  of  the  epididymis  were  mentioned  by  Astley  Cooper  (1830) 
and  have  been  ascribed  to  persistence  of  aberrant  tubules  of  Muller’s 
duct.  Persistence  of  an  undifferentiated  Muller’s  duct  forming  a 
tubular  cyst  is  rare.  Heyl  (1934)  collected  6  cases. 

A  fibroma  of  the  hydatid  of  Morgagni  has  been  reported  (Salmon 
and  Contiades,  1934). 

Malignant  Tumours.  The  epididymis  is  very  rarely  the  site  of 
primary  malignant  disease.  In  1932  Coleman,  Mackie,  and  Simpson 
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collected  31  cases,  the  earliest  being  one  reported  in  1881,  by  Lente 
and  Jacobus.  It  appears  to  resemble  primary  malignant  disease  of 
the  testis,  to  arise  in  a  teratoma,  and  to  run  a  rapid  course  with  early 
metastases. 

Coleman,  C.  A.,  Mackie,  J.  A.,  and  Simpson,  W.  M.,  Surg.,  Gyn.,  and  Obst ., 
Chicago,  1932,  lv.  Ill;  Heyl,  H.,  Arch.  Surg.,  Chicago,  1934,  xxix.  929 ; 
Lente,  F.  D.,  and  Jacobus,  A.  M.,  Trans.  New  York  Path.  Soc.,  1881-2,  iv. 
110;  Salmon,  M.,  et  Contiades,  X.  J.,  Journ.  d'urol.,  1934,  xxxvii.  412. 

THE  OVARY 

History.  The  original  name  of  the  ovary  was  the  female  testis, 
and  dates  from  the  time  of  Herophilus  (300  B.c.)  of  Alexandria. 
Vesalius  (1514-64)  in  the  second  edition  of  his  De  Fabrica  1555  gave 
an  account  of  the  irregular  surface  of  the  Testes  muliebres  .  The 
modern  name  ovarium  is  said  to  have  been  introduced  in  1621  by 
Fabricius  ab  Aquapendente  (1537-1619),  but  according  to  Hyrtl  the 
name  was  first  used  by  Mels  Stensen  (1648-86).  The  ovaries  were 
thought  to  contain  semen,  until  Falloppius  (1523-62)  controverted 
the  statement.  Volcherus  Coiter  (1534-90)  regarded  the  ovaries  as 
corresponding  to  the  vesiculae  seminales  rather  than  to  the  testes. 

In  a  letter  to  Werner  Rolfink  (1599-1673)  in  1668  Ysbrand  Diemer- 
broeck  (1609-74)  ascribed  the  discovery  of  the  ovarian  follicles, 
which  he  called  ‘ova’,  to  J.  C.  van  Horne  (1621-70)  of  Leyden,  who 
was  ‘snatched  away  by  an  untimely  death’.  In  his  account  of  the 
ovaries  in  1672  the  much  shorter-lived  Regnier  de  Graaf  (1641-73) 
did  not  claim  any  such  credit,  and  indeed  spoke  of  the  w celebrated’ 
van  Horne  as  having  made  the  observation.  Haller  originated  the 
eponym  ‘  Graafian  vesicles  . 

Regnier  de  Graaf  was  born  at  Schoonhaven  in  Holland,  as  the  son 
of  a  well-known  architect,  and  was  a  pupil  of  Sylvius  (1614-72)  at 
Leyden.  In  his  short  life  of  thirty -two  years  he  made  a  great  name  by 
his  observations  on  the  pancreatic  juice  and  the  ovaries.  According  to 
Haller  he  died  from  the  effects  of  anger  excited  by  a  dispute  with  Jan 
Swammerdam  (1637—80)  who  had  claimed  priority  foi  the  observa¬ 
tions  on  the  generative  organs,  de  Graaf  being  described  as  having 
won  his  case  but  at  the  cost  of  his  life.  On  the  death  of  his  mastei 
Sylvius,  he  was  offered,  but  declined,  the  chair  at  Leyden. 

Embryology.  The  ovary,  like  the  testis,  originates  as  the  result 
of  proliferation  of  the  lining  epithelium  of  the  coelom  on  the  inner 
side  of  the  uro-genital  ridge  between  the  10  and  12  dorsal  segments , 
up  to  the  seventh  week  of  foetal  life  the  female  nature  of  the 
gonads  cannot  be  made  out.  The  follicles  of  the  ovary  have  usually 
been  regarded  as  downgrowths  of  the  germinal  epithelium  covering  the 
ovary  \  it  has,  however,  been  stated  that  some  ova  are  derived  from 
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mitotic  division  of  deeper  primordial  cells  in  the  ovary  (Fischel. 
1930). 

Anatomy.  The  ovary  has  (i)  a  cortex  or  parenchymatous  zone 
2-3  mm.  thick  in  which  are  the  Graafian  follicles  and  the  contained 
ova,  derived  from  the  germinal  epithelium  on  the  surface  of  the  ovary. 
The  younger  the  individual  the  greater  the  number  of  follicles; 
estimates  vary  up  to  100,000  or  even  more  for  the  two  ovaries ; 
Maximow  quoted  an  observer  who  counted  420,000  follicles.  Only 
about  400  reach  maturity  during  a  woman’s  sexual  life.  The  number 
diminishes  enormously  with  age,  the  majority  by  atresia.  The 
follicles  are  embedded  in  a  connective  tissue  stroma  consisting  of 
spindle  cells.  After  the  menopause  the  follicles  degenerate,  the  ovary 
becoming  a  fibrous  mass  in  which  the  fibrosed  corpora  lutea  are 
visible  as  corpora  albicantia.  (ii)  The  medulla  or  zona  vasculosa, 
which  is  not  so  firm  as  the  cortex,  contains  blood  vessels  and  smooth 
muscle  fibres,  (iii)  The  hilum,  which  attaches  the  ovary  to  the  broad 
ligament,  may  contain  the  rete  ovarii  or  the  cords  of  Kolliker.  The 
last  structure  was  formerly  regarded  as  the  remains  of  the  Wolffian 
body,  but  has  recently  been  described  as  derived  from  the  entoderm 
of  the  genital  streak. 

After  the  menopause,  which  tends  to  occur  later  in  multiparous 
than  in  sterile  women,  the  ovary  becomes  wrinkled,  hard,  small, 
and  often  cystic. 

Supernumerary  ovaries,  varying  in  size  from  a  hemp  seed  to  a  small 
hazel-nut,  are  said  to  occur  in  from  2  (Beigel)  to  4  (Rieffel)  per  cent, 
of  bodies. 

According  to  Kohn  (1920)  and  Brachet  (1921)  the  ovary  is  origi¬ 
nally  hermaphrodite,  the  cortex  being  feminine  and  the  medulla 
masculine ;  this  is  supported  by  the  rare  occurrence  of  ovo-testes. 

The  interstitial  cells  are  at  their  maximum  number  in  the  first 
year  of  life,  and  with  the  sex  cords  are  present  in  the  medulla ;  they 
are  so  badly  developed  in  the  human  ovary  that  it  is  doubtful  if  they 
are  present  in  adult  women.  It  has  been  suggested  that  the  theca 
cells  of  atretic  follicles  functionally  represent  the  interstitial  cells, 
and  the  interstitial  cells,  like  the  theca  cells,  have  been  stated  to  be 
derived  from  the  germinal  epithelium  (Lane-Claypon,  1905 ; 
Mcllroy,  1910).  But  to  avoid  confusion  the  term  interstitial  cells 
should  be  limited  to  epithelial  cells  outside  the  follicles  and  corpora 
lutea  (Corner,  1928). 

The  Graafian  follicles  begin  to  appear  about  the  third  month  of 
foetal  life.  They  are  lined  by  the  theca  composed  of  epithelium,  the 
inner  layer  of  which  next  the  ovum  is  called  the  discus  proligerus  and 
the  outer  layer  the  membrana  granulosa.  The  granulosa  cells  give 
rise  to  the  lutein  cells  which  usually,  after  the  discharge  of  the  ovum, 
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form  the  corpus  luteum.  Granulosa- cell  rests  in  the  medulla  are  con¬ 
stantly  present  in  the  full  term  foetus,  and  have  occasionally  been 
found  in  those  of  adult  women. 

The  Corpus  luteum  was  first  observed  by  Falloppius  (1523-62) 
and  recorded  by  his  pupil  Volcherus  Coiter  (1534-90)  in  1573.  The 
first  detailed  account,  however,  was  given  nearly  a  century  later,  in 
1673,  by  R.  de  Graaf  (1641-73)  who  described  it  as  a  ‘substance 
glanduleux  faisant  hernie  hors  du  testicule  femelle  ’,  and  foresaw  that 
the  ovary  formed  ova.  The  existence  of  mammalian  ova  was  not 
established  until  1827  by  von  Baer  (1792-1876).  Malpighi  (1628-94) 
called  it  the  ‘corpus  luteum'  in  1687,  but  considered  that  it  gave 
rise  to  the  ovarian  follicle  and  ovum.  Buffon  (1707-88)  in  1776  re¬ 
garded  it  as  a  transient  gland  which  secreted  the  seminal  fluid  of  the 
female.  Haller  (1708-77)  in  1765  showed  that  the  corpus  luteum  was 
formed  from  a  thickening  of  the  wall  of  the  Graafian  follicle  after  it 
had  ruptured.  Robin  (1821-85)  in  1857  suggested  the  name  ovariule 
(scar  of  the  ovary)  for  the  corpus  luteum.  The  corpus  luteum  of 
pregnancy  has  been  called  the  true  and  that  of  menstruation  the  false 
corpus  luteum  ;  the  corpus  luteum  of  pregnancy  may  occupy  half  the 
ovary,  but  the  essential  difference  between  the  two  forms  is  the  size 
of  the  blood  vessels  and  vascularity  of  the  pregnancy  corpus  luteum 
(Clark,  1900).  It  was  described  as  a  gland  of  internal  secretion  in 
1898  by  von  Born  and  Prenant  (1861-1927)  independently. 

The  Fallopian  tubes ,  described  in  1561  by  the  distinguished  pro¬ 
fessor  of  anatomy  at  Padua  whose  name  they  bear,  are,  like  the 
uterus  derived  from  the  Mullerian  ducts,  the  junction  between  the 
Fallopian  and  uterine  segments  of  the  Mullerian  ducts  being  marked 
by  the  round  ligaments. 

The  parovarium  or  epoophoron  was  described  in  1802  by  J.  C.  Rosen - 
muller  (1771-1820),  and  is  also  known  as  the  organ  of  Rosenmiiller. 
G.  L.  Kobelt  (1804-57)  gave  it  the  name  parovarium.  It  is  also 
called  the  paroophoron.  It  is  derived  from  the  sexual  part  of  the 
Wolffian  body  and  a  piece  of  the  Wolffian  duct.  It  is  a  small  collec¬ 
tion  of  about  twelve  scattered  vertical  tubules  in  the  broad  ligament 
between  the  Fallopian  tube  and  the  ovary,  from  them  a  single 
horizontal  solid  tube  emerges  which  is  blind  and  sometimes  divides 
into  several  branches  called  Ivobelt’s  tubes.  Detached  tubules 
between  the  parovarium  and  the  ovary  have  been  called  the  epoo¬ 
phoron.  The  parovarium  corresponds  to  the  epididymis. 

The  hydatids  of  Morgagni  are  small  pedunculated  cysts,  about 
1-3  mm.  in  diameter,  at  the  fimbriated  end  of  the  Fallopian  tube. 
They  are  derived  from  the  Wolffian  duct. 

Baer,  C.  E.  von,  De  Ovi '  Mammalium  et  Hominis  Grene«s7,Leipz.,  1827  ;  Brachet, 
A.,  Traite  d' embryologie  des  vertebres,  Paris,  1921 ;  Buffon,  G.  de,  Histoire  nat., 
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Ovarian  Hormones 

The  ovaries  are  necessary  for  (a)  the  development  of  the  accessory 
organs  of  generation,  (b)  the  cycle  of  oestrus,  as  was  first  shown  by 
Adler  (1912)  who,  by  injecting  a  watery  extract  of  ovary  into  virgin 
animals,  produced  the  changes  of  oestrus,  and  (c)  for  the  continuation 
of  pregnancy  in  the  early  stages  ;  but  it  has  been  shown  both  experi¬ 
mentally  (Marshall  and  Jolly,  1905;  Dodds  and  Allan,  1930)  and 
clinically,  that  the  ovaries  may  be  removed  in  the  later  part  of 
pregnancy  without  causing  abortion  or  interfering  with  the  onset  of 
labour. 

The  results  of  their  work  on  the  influence  of  the  gonadotropic 
hormone  of  the  anterior  pituitary  on  the  ovary  were  published  in 
1927  by  B.  Zondek  and  Aschheim  and  by  Smith  and  Engle,  and  in 
the  main  were  the  same.  Zondek  and  Aschheim,  however,  believed 
that  there  were  two  components:  (1)  prolan  A  which  stimulated 
maturation  of  the  ovarian  follicle  and  ovum,  and  the  production  of 
oestrin,  and  (2)  prolan  B  which  stimulated  luteinization  of  the 
follicles,  namely,  the  formation  of  corpora  lutea  and  the  secretion  of 
progestin.  The  existence  of  two  prolans  has  been  criticized  and  con¬ 
tested  (vide  p.  63).  It  has  been  thought  that  small  doses  of  the  gona¬ 
dotropic  hormone  produce  maturation  of  the  follicles,  and  larger 
doses  the  luteinization  effect.  Zondek  and  Aschheim  (1927)  dis¬ 
covered  that  the  urine  of  pregnant  females  contains  a  substance  or 
substances  with  an  action  like  that  of  the  pituitary  gonadotropic 
hormone,  and  this  observation  formed  the  basis  of  their  well-known 
test  for  pregnancy,  and  provided  a  convenient  source  for  the  prepara¬ 
tion  of  prolan  for  therapeutic  and  experimental  purposes. 
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Tests  for  Pregnancy.  Aschheim  and  B.  Zondek’s  test  for  pregnancy 
was  described  in  1927  and  has  been  modified  by  them  since.  A  morning 
specimen  of  the  woman’s  urine  is  extracted  with  ether  so  as  to  remove 
toxic  bodies  and  oestrone,  and  0*3— 0*4  c.c.  of  the  urine  injected  six 
times  in  the  course  of  two  days  into  five  infantile  female  rats ;  the 
animals  are  killed  and  their  ovaries  examined  100  hours  after  the 
test  was  started ;  a  blood  spot  or  corpus  luteum  in  two  of  the  rats  is 
positive  for  the  presence  of  prolan  and  pregnancy . 

Friedman’s  test  for  pregnancy  is  rather  more  rapidly  carried  out. 
Unconcentrated  urine  is  injected  into  adult  female  rabbits,  which 
have  been  segregated  for  3  or  4  weeks,  on  two  occasions  at  24  hours 
interval,  and  examined  24  hours  later;  one  or  more  spots  of  haemor¬ 
rhage  on  the  ovaries  constitute  a  positive  result. 

The  urine  of  female  patients  with  hydatidiform  mole,  chorion- 
epithelioma,  malignant  disease  of  the  sex  organs  and  males  with 
malignant  disease  of  the  testes  also  contains  this  prolan-like  principle 
and  gives  a  positive  reaction  for  pregnancy.  Aron  (1935)  by  con¬ 
centrating  large  quantities  of  urine  from  patients  with  extra-genital 
carcinomas  and  sarcomas  has  obtained  a  positive  Aschheim-Zondek 
reaction  in  a  high  percentage  of  cases.  This  prolan-like  principle  is 
also  present  in  the  placenta,  but  it  is  not  known  whether  it  is  merely 
stored  there  or,  as  has  been  thought  more  probable,  is  manufactured 
there. 

The  identity  of  the  prolan-like  substance  in  pregnancy  urine  with 
the  pituitary  gonadotropic  hormone  has  also  been  contested ;  the 
prolan-like  substance  has  been  shown  to  differ  in  its  biological  effects 
from  the  anterior  pituitary  gonadotropic  hormone ;  thus  Reichert, 
Pencharz,  Simpson,  Meyer,  and  Evans  (1931)  found  that  the  sub¬ 
stance  in  pregnancy  urine  was  very  ineffective  when  given  to  hypo- 
physectomized  animals.  The  ‘ synergic’  factor  of  the  anterior 
pituitary,  which  increases  the  gonadotropic  effect  of  the  prolan-like 
substance  in  pregnancy  urine,  has  been  found  not  to  be  the  same  as 
either  the  growth  or  the  gonadotropic  hormone,  though  it  has  a  slight 
gonadotropic  action  (Evans,  Simpson,  and  Austin,  1933). 

The  Oestrus-producing  Hormone  of  the  Ovary 

Synonyms  and  Derivatives :  Oestrin,  Folliculin  (Courrier),  Oestrone, 
Theelin  (crystalline  oestrone),  Menformen  (La  Queur),  Feminin, 
Thelykinin  (Loewe),  Progynon. 

Oestrin  was  the  name  given  by  Parkes  and  Bellerby  (1926)  to  the 
hormone  extracted  by  fat  solvents  from  the  ovary  and  placenta.  It 
belongs  to  the  chemical  group  (condensed  carbon  ring)  derived  from 
a  saturated  hydrocarbon— oestrane  C18H30.  The  group  also  contains 
cholesterol,  the  bile  acids,  ergosterol,  and  calciferol.  Oestrin  is  not  so 
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well  known  as  oestrone,  theelin  (Doisy,  1929;  Butenandt,  1929; 
Dingemance,  1930),  or  ketohydroxyoestrin  (C18H2202)  and  oestriol 
or  theelol  (Doisy)  or  trihydroxyoestrin  (C18H2403).  Oestrone  and 
oestriol,  which  are  found  in  the  urine,  have  the  same  oestrogenic 
effect,  though  in  different  degrees,  and  were  named  by  Adam  and  his 
co-workers  (1933).  A  spectrophotometric  method  of  estimating  the 
quantity  of  oestrin  in  the  urine  has  been  employed  by  Chevallier, 
Cornil,  and  Verdollin  (1935). 

The  formation  of  oestrin  occurs  periodically  in  women  in  monthly 
cycles.  The  ripened  ovarian  follicle  becomes  distended  with  2  to  3  c.c. 
of  viscous  liquor  folliculi  containing  oestrin  before  it  ruptures  and 
discharges  the  ovum  and  the  fluid  into  the  peritoneal  cavity.  The 
presence  of  the  hormone  in  the  urine  was  shown  by  B.  Zondek  and 
Aschheim  (1927)  mainly  in  the  form  of  oestrone  and  oestriol. 
Oestrone  in  small  quantities  is  constantly  present  in  the  urine  of 
human  males  (B.  Zondek  and  von  Euler)  as  well  as  of  females. 
Oestrin  does  not  stimulate  the  ovary ;  on  the  contrary  the  effect  is 
harmful  on  the  gonads  both  of  females  and  males  ;  this  influence  has 
been  thought  to  be  exerted  through  the  pituitary. 

When  females  reach  sexual  maturity  the  amount  of  urinary 
oestrone  increases  twenty-fold  and  becomes  increasingly  larger 
during  pregnancy.  The  very  large  amounts  passed  by  mares, 
100,000  to  500,000  mouse  units  per  litre  of  urine,  have  been  utilized 
as  a  source  for  commercial  oestrone.  A  most  remarkable  discovery, 
made  by  B.  Zondek  and  Haussler  (1934),  is  that  the  testes  of  stallions 
contain  500  times  more  oestrone  than  the  ovaries  of  sexually  mature 
mares.  It  is  uncertain  whether  the  oestrin  present  in  the  placenta  is 
formed  or  only  stored  there.  Oestrin  was  said  to  be  also  present  in 
the  corpus  luteum  (B.  Zondek  and  Aschheim,  1928);  but  this  has 
been  contested  (Parkes,  1929).  Collip  (1930)  obtained  a  fraction — 
emmenin — from  the  human  placenta ;  it  is  an  ester  of  oestriol,  and 
has  an  oestrogenic  action. 

The  vaginal  smear  test  for  oestrus  is  based  on  the  observation  by 
Stockard  and  Papanicolaou  (1917)  that  the  vaginal  epithelium  of 
rodents  becomes  cornified  with  the  onset  of  oestrus.  This  reaction 
occurs  in  immature  as  well  as  in  mature  animals.  The  test  has  been 
carried  out  on  ovariectomized  animals  and,  since  1923,  when  Allen 
and  Doisy  published  their  technique,  has  served  as  a  test  for  oestro¬ 
genic  extracts  and  substances. 

The  most  important  part  played  by  oestrin  is  to  induce  oestrus  in 
animals  and  in  women  the  changes  which  secure  the  fertilization  of 
the  ovum  in  the  secondary  sex  organs,  namely  the  uterus,  the 
Fallopian  tubes,  and  the  vagina ;  the  growth  of  the  uterus  in  child¬ 
hood  depends  on  the  stimulation  provided  by  oestrin.  In  the  first 
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half  of  the  normal  menstrual  cycle  oestrin  causes  proliferation  of  the 
endometrium,  and  in  the  second  half  of  the  cycle  the  corpus  luteum 
hormone  produces  the  secretory  phase  of  the  endometrium. 

Changes  in  the  mammary  glands  due  to  oestrin.  Halban  (1905) 
correlated  mammary  enlargement  with  ovarian  activity,  and  much 
discussion  has  taken  place  regarding  the  share  taken  by  the  lacto¬ 
genic  hormone  of  the  anterior  pituitary,  oestrin,  and  progestin  in  the 
proliferation  and  secretory  activity  of  the  mammae.  Experimentally 
oestrin  and  oestrogenic  compounds  have  been  shown  to  cause  gynae- 
comastia,  dilatation  of  the  ducts,  and  cystic  changes  in  the  mammae 
of  male  rats  (Burrows,  1935),  virginal  hypertrophy,  changes  in  the 
epithelium  of  the  ducts,  and  fibro-adenoma  in  both  male  and  female 
animals  (Geschickter  and  Lewis,  1934).  Injection  of  oestrin  into 
male  mice  produced  carcinoma,  which  is  very  rare  in  male  mice 
(Lacassagne,  1932). 

Oestrin  in  excess,  or  when  not  neutralized  by  progestin,  may 
produce  fibromyomas,  adenomyoma,  described  in  1903  by  Cullen, 
endometriosis  and  cystic  hyperplasia  of  the  endometrium  (vide 
p.  409).  It  has  been  suggested  on  experimental  grounds  by  Burrows 
that  oestrin  is  responsible  for  prostatic  hypertrophy  (vide  p.  392). 

It  has  been  shown  that  the  carcinogenic  agents  in  tars  belong, 
like  oestrin,  to  the  group  of  condensed  carbon  ring  compounds 
(Kennaway,  1930).  It  has  also  been  found  that  some  synthetic 
hydrocarbons  possess  both  carcinogenic  and  oestrogenic  powers 
(Cook,  Dodds,  and  Hewett,  1933).  The  possibility  that  carcino¬ 
genic  agents  might  be  formed  by  abnormal  metabolism  of  sterols  in 
the  body  was  considered  by  Dodds  and  Cook  (1933)  and  Dodds 
(1934),  who  admitted  a  superficial  resemblance  between  the  excessive 
cellular  proliferation  seen  in  oestrus  and  some  phases  of  carcinoma, 
but  definitely  stated  that  there  is  not  any  evidence  whatever  that 
carcinogenic  compounds  arise  from  oestrin  in  the  body. 

As  oestrin  as  well  as  the  male  sex  hormone  is  present  in  the  urine 
of  males  it  has  been  suggested  that  the  absence  of  oestrin  may  be 
pathological.  The  sex-linked  disease  haemophilia  has  thus  been  sur¬ 
mised  to  be  an  endocrine  disease.  It  has  been  stated  that  the  female 
sex  hormone  is  absent  from  the  urine  of  haemophiliacs  (Birch,  1931), 
whereas  the  freedom  of  females  from  the  disease  is  due  to  its  presence. 
Benefit  has  been  reported  from  intra-muscular  injections  of  ovarian 
extract  (Kimm  and  van  Allen,  1932).  The  premises  of  the  hypothesis 
and  the  results  of  the  treatment  have  both  been  contradicted.  Failure 
to  find  oestrin  in  the  urine  of  normal  males  has  been  brought  forward 
(Brem  and  Leopold,  1934);  the  presence  of  the  female  sex  hormone, 
sometimes  in  larger  amount  than  in  normal  males,  in  the  urine  of 
haemophiliacs  has  been  reported  (Chew  et  al.,  1935),  and  failure  to 
obtain  any  benefit  from  intra-muscular  injections  has  been  recorded 
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(Tureen,  1934).  Cure  of  arthritis,  however,  has  been  ascribed  to  the 

treatment  (Champy,  1935). 

Therapeutically  benefit  has  been  obtained  from  enormous  doses 
(one  million  international  units)  of  oestrin  in  cases  of  hypoplastic 
uterus,  primary  and  secondary  amenorrhoea  (Kaufmann,  1934), 
infantilism,  kraurosis  vulvae,  gonocococcal  and  other  forms  of  vulvo¬ 
vaginitis  in  children  (Nabarro  and  Signy,  1935).  It  has  also  been 
used  for  flushings,  insomnia,  depression,  and  other  symptoms  ascribed 
to  ovarian  inadequacy. 

Corpus  luteum  Hormones.  The  corpus  luteum  was  regarded 
by  L.  Fraenkel  and  Cohn  (1901),  who  were  stimulated  by  von  Born 
to  investigate  the  problem  of  its  internal  secretion,  as  the  sole  source 
of  ovarian  internal  secretion  (lutein),  and  that  for  medical  purposes 
the  extract  should  be  made  from  corpora  lutea  and  not  from  the 
ovary  as  a  whole.  Marshall  (1905)  stated  that  a  hormone  was  formed 
by  the  cells  of  the  follicles  or  by  the  interstitial  cells.  The  corpus 
luteum  plays  an  important  part  in  the  elaboration  of  the  necessary 
anatomical  and  physiological  conditions  in  the  uterus  for  the  im¬ 
plantation  of  the  fertilized  ovum.  The  corpus  luteum  of  pregnancy 
is  a  temporary  endocrine  gland  which  takes  up  the  direction  of 
pregnancy  started  by  oestrin.  According  to  Parkes  (1929)  the  four 
functions  discharged  by  the  corpora  lutea  of  pregnancy,  pseudo¬ 
pregnancy,  and  lactation,  which  have  been  demonstrated  by  experi¬ 
ment,  are:  (i)  inhibition  of  ovulation  (Beard,  1897  ;  Prenant,  1898), 
and  of  the  oestrous  changes  in  the  accessory  organs  ;  (ii)  the  sensitiza¬ 
tion  of  the  uterus  for  the  implantation  of  fertilized  ova;  (iii)  the 
development  of  the  mammary  glands  from  the  condition  in  which 
they  are  found  at  oestrus  to  that  characteristic  of  the  end  of  the 
luteal  phase;  and  (iv)  the  maintenance  of  pregnancy.  The  corpus 
luteum  hormone  cannot  act  without  the  preparatory  help  of  oestrin. 
But  the  inhibitory  influence  of  corpus  luteum  over  the  effects  of 
oestrin  was  shown  to  be  due  to  extract  of  the  corpus  luteum  con¬ 
taining  progestin  (Allen  and  Meyer,  1935).  The  inhibitory  influence 
of  progestin  prevents  superfoetation. 

The  hormone  progestin  was  discovered  and  so  named  in  1929  by 
Corner  and  Allen,  called  ‘corporin’  in  1932  by  Leonard,  Hisaw,  and 
Fevold,  and  wras  also  known  as  lutein  (Clauberg,  1932)  and  ‘  prolutonb 
It  wras  isolated  in  crystalline  form  in  1934  by  Butenandt,  and  can 
be  obtained  from  stigmasterol  in  soya  bean. 

Therapeutically  it  has  been  employed  for  glandulo- cystic  hyper¬ 
plasia  of  the  endometrium,  menorrhagia,  and  habitual  abortion 
(Kaufmann,  1934). 

Another  active  principle,  called  ‘relaxin ',  wras  described  by  Fevold, 
Hisaw,  and  Meyer  (1930)  as  widening  the  symphysis  pubis  and 
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loosening  the  sacro-iliac  joints  in  guinea-pigs;  it  has,  however,  been 
stated  that  this  effect  can  be  brought  about  by  pure  oestrin  (Fremery, 
Kober,  and  Hausk,  1931)  and  that  there  is  not  a  separate  hormone. 
Illingworth  and  Robson  (1932)  described  a  corpus  luteum  hormone 
inhibiting  muscle. 

The  relation  of  symptoms  about  the  time  of  the  climacteric  to  the 
ovarian  hormones  has  been  much  discussed.  Maranon  concluded 
that  the  climacteric  or  the  4  critical  age  ’  is  not  entirely  due  to  ovarian 
inadequacy,  but  is  the  result  of  a  multiglandular  disorder  consisting 
of  ovarian  insufficiency,  hyperthyroid  instability,  excessive  adrenal 
activity,  and  hypopituitarism.  According  to  B.  Zondek  there  are 
three  phases:  (1)  an  excess  of  oestrin  secretion;  (2)  this  is  followed 
by  a  diminution  in  the  oestrin  secretion;  and  (3)  finally  by  an 
increased  secretion  of  the  pituitary  gonadotropic  hormone  which 
may  be  present  in  the  urine  for  the  remainder  of  life. 

Opportunities  for  observing  the  effects  of  double  ovariectomy  in 
girls  before  puberty  are  few ;  but  in  some  semi-barbarous  parts  of 
Asia  this  operation  in  young  girls  has  been  followed  by  a  virile 
character.  The  artificial  menopause  brought  on  by  castration  of 
adult  women  is  rarely  accompanied  by  virilism.  In  the  nineties  of 
the  last  century  there  was  a  brief  vogue  of  double  ovariectomy  for 
inoperative  cancer  of  the  breast ;  this  may  perhaps  be  compared  with 
the  treatment  of  hypertrophied  prostate  by  ligature  of  the  vas 
deferens,  a  procedure  started  by  J.  W.  White  in  1893. 
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Innocent  Tumours 

Follicular  cysts,  formed  from  Graafian  follicles  and  containing 
oestrin,  are  usually  small  and  often  multiple.  This  oestrin  may  give 
rise  to  hyperplasia  of  the  endometrium  which,  as  Shaw  (1929) 
pointed  out,  was  described  by  Matthews  Duncan  (1826-90)  as  endo¬ 
metritis  polyposa  vel  tuberosa  vel  fungosa ;  it  has  also  been  called 
metropathia  haemorrhagica  (Schroeder,  1912)  and  cystic  glandular 
hyperplasia.  It  is  a  frequent  cause  of  irregular  uterine  haemorrhage, 
is  not  an  infective  condition  but  due  to  oestrin  stimulation,  and  is 
associated  with  the  absence  of  corpora  lutea  in  the  ovaries  and  there¬ 
fore  of  the  antagonistic  action  of  progestin.  Experimentally  the 
histological  characters  of  this  endometrial  reaction  have  been  pro¬ 
duced  by  the  injection  of  an  extract  of  placenta  (Burch,  Williams, 
and  Cunningham,  1931).  The  endometrium,  may  be  cystic,  half  an 
inch  thick,  and  has  been  compared  to  Swiss  cheese.  Excess  of  oestrin 
may  also  give  rise  to  either  uniform  hyperplasia  of  the  uterus  or 
localized  hyperplasia  as  a  uterine  myoma  or  adenomyoma  (Wither¬ 
spoon,  1933).  In  explanation  it  has  been  suggested  that  continuous 
stimulation  causes  general  hyperplasia,  whereas  intermittent  stimula¬ 
tion  produces  myomas  (Witherspoon,  1935;  Ingleby,  1935). 
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The  cellular  proliferation  which  characterizes  the  oestrous  state  m 
some  respects  resembles  the  early  stages  of  malignant  disease.  Cook 
and  Dodds  (1933)  investigated  the  existence  of  synthetic  compounds 
which  have  both  carcinogenic  and  oestrogenic  powers;  while  showing 
that  these  exist  they  point  out  very  definitely  that  at  present  there  is 
not  any  evidence  that  carcinogenic  compounds  arise  from  oestrm  m 
the  animal  body. 

Lutein  Cell  Tumours.  Theca-lutein  cysts  and  corpus  luteum 
cysts  occur.  Rupture  of  these  cysts  may  cause  intraperitoneal 
haemorrhage.  Theca-lutein  cysts  are  cysts  formed  in  atresic  follicles 
in  which  the  cells  of  the  theca  interna,  not  the  granulosa  cells,  under¬ 
go  proliferation.  They  are  thought  to  be  due  to  stimulation  by  the 
pituitary  gonadotropic  hormone.  Occasionally  they  give  rise  to 
enlarged  polycystic  ovaries. 

Corpus  luteum  Cysts  are  formed  from  mature  follicles  after 
expulsion  of  the  ovum,  and  are  due  to  exudation  of  fluid  into  a  corpus 
luteum  formed  from  the  granulosa  membrane  and  showing  a  wavy 
yellow  layer.  Very  commonly  some  fluid  is  present  in  the  corpora 
lutea,  and  the  question  arises  what  amount  should  be  regarded  as 
within  normal  limits  ;  according  to  Novak  and  Te  Linde  (1923)  cysts 
measuring  more  than  2  cm.  should  be  considered  as  pathological. 
Early  cases  appear  to  have  been  described  by  Robin  (1821-85)  m 
1857,  Rokitansky  in  1859,  and  Nagel  in  1887.  Fuller  and  better 
descriptions  were  given  by  E.  Fraenkel  (1894)  and  L.  Eraenkel 

(1898). 

Multiple  Lutein  Cysts  of  the  ovary,  composed  of  theca-lutem 
cells,  and  not  granulosa  cells,  are  present  in  many  cases  of  hydatidi- 
form  mole  and  chorionepithelioma  which  are  due  to  stimulation  by 
principles  manufactured  by  these  lutein  formations  (Novak  and  Te 
Linde,  1923). 

Luteomas  or  new  Growths  of  Lutein  Cells:  Clynn  (1921) 

collected  14  cases,  6  of  which  were  malignant,  described  by  various 
authors  as  lutein-celled  tumours;  Novak  and  Te  Linde  did  not 
agree  that  all  these  were  lutein  tumours.  Glynn  argued  that  the  so- 
called  ovarian  hypernephromas,  of  which  he  collected  nine  reputed 

examples,  were  in  reality  luteomas. 

Testicular  Adenoma  of  the  Ovary.  Pick  (1905)  described  a 
solid  yellowish  tumour  with  tubules  resembling  those  of  the  testis  m 
a  stroma  resembling  the  interstitial  cells  of  the  testis.  It  was  regarded 
as  derived  from  the  testicular  element  in  the  ovo-testis  of  a  herma¬ 
phrodite. 

Endometrioma  and  Endometriosis.  These  terms  are  applied 
to  areas  of  endometrial  hyperplasia,  especially  when  extra-uterine, 
for  example  in  the  ovary,  on  the  peritoneum  or  on  the  serous  surface 
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of  the  sigmoid  colon,  the  caecum,  appendix,  or  ileum.  The  condition 
has  been  explained  as  the  result  of  reflux  expulsion  of  menstrual 
blood  including  endometrium,  out  of  the  fimbriated  end  of  the  Fal¬ 
lopian  tube,  into  the  abdominal  cavity  (Sampson,  1921).  The  term 
endometrioma  was  introduced  (Blair  Bell,  1922)  to  mean  that  in  a 
uterine  adenomyoma,  described  by  Cullen  in  1903,  the  glandular 
portion  was  a  neoplasm  whereas  the  muscular  tissue  was  a  reactive 
process.  The  terms  endometriosis  and  Mullerianosis  (Sampson,  1925) 
are  non-committal  as  regards  the  neoplastic  nature  of  these  forma¬ 
tions.  These  ectopic  masses  undergo  the  same  cyclical  changes  as  the 
uterine  endometrium  and,  as  they  occur  most  frequently  in  the  ovary, 
may  give  rise  to  some  of  the  blood,  tarry,  or ‘  chocolate-coloured 5  cysts 
of  the  ovary;  Sampson  referred  to  110  in  the  ovaries.  The  endo¬ 
metrial  hyperplasias,  including  adenomyomas,  are  next  in  frequency 
to  uterine  fibromyomas. 

I  he  causal  factor  for  the  proliferation  of  these  endometrial  forma¬ 
tions  is  excess  of  oestrin,  which  may  be  due  to  deficiency  of  the  in¬ 
hibitory  progestin  and  absence  of  lutein  tissue  in  the  ovaries  (Burch, 
Williams,  and  Cunningham,  1931  ;  Witherspoon,  1935). 

Daily  injections  of  anterior  pituitary  brought  about,  after  local 
injury  of  the  uterine  endometrium,  a  decidual  response  and  the  forma¬ 
tion  of  jDlacentomas  (Teel,  1927). 

Parovarian  Cysts  were  described  by  Follin  (1850).  They  were 
found  in  11  per  cent,  of  ovariectomies  (Olshausen).  They  may  be 
small,  like  a  hydatid  of  Morgagni,  or  less  often  large,  generally  but 
not  always  unilocular,  and  lined  by  ciliated  columnar  epithelium. 

Cyst -adenomas  have  been  thought  to  be  derived  from  several 
different  embryonic  cellular  groups:  from  (i)  germinal  epithelium; 
(ii)  the  remains  of  the  Wolffian  body;  (iii)’the  germinal  epithelium 
(Gusserow  and  Eberth,  1868;  Marchand,  1879;  Nagel,  1887);  (iv) 
the  Graafian  follicle  (Frommel,  1890) ;  (v)  the  Mullerian  duct  (Russell, 
1899). 

Cyst-adenomas  are  of  two  forms :  (1 )  Serous,  forming  about  a  third 
of  the  ovarian  cysts  (Ewing),  are  lined  by  cylindrical  or  cubical  often 
ciliated  epithelium,  which  is  specially  prone  to  form  papillomatous 
processes.  They  may  be  unilocular  or  multilocular,  the  former  being 
derived  from  the  latter.  The  contents  of  the  cysts  are  clear  but  con¬ 
tain  much  albumin.  As  a  result  of  their  rupture  ascites  and  im¬ 
plantation  growths  occur  in  the  peritoneal  cavity.  Some  of  these 
implantations  disappear  when  the  parent  cyst  is  removed ;  some  on 
the  other  hand  do  not  do  so,  and  a  malignant  papillary  adeno-carci- 
noma  may  be  found ;  in  such  tumours  concentric  calcified  bodies 
may  be  seen  microscopically.  The  serous  cystadenomas  are  said  to 
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be  derived  from  the  germinal  epithelium  on  the  surface  of  the  ovary 

or  in  downgrowths  into  the  ovary  (Boyd). 

(2)  Pseudo-mucinous  cystadenomas  are  multilocular,  containing 
thick  mucoid  fluid,  the  pseudo-mucin  being  secreted  by  the  columnar 
epithelium.  Haemorrhage  may  take  place  into  the  cysts,  and  there 
may  be  cholesterol  crystals  in  the  contents.  The  cysts  are  bilateral 
in  17-7  per  cent.,  and  in  9*6  per  cent,  the  cyst  passes  between  the  two 
layers  of  broad  ligament  (Ewing)  and  thus  resembles  a  parovarian 
cyst.  As  a  result  of  rupture  a  painless  chronic  form  of  peritonitis 
with  large  quantities  of  pseudo-mucin  may  result ;  this  condition  of 
pseudo-myxoma  peritonei,  so  named  by  Wyeth  (1850-1918)  in  1884, 
may  be  due  to  other  causes,  such  as  rupture  of  a  mucocele  of  the 
vermiform  appendix  or  from  carcinoma  of  the  alimentary  tract. 

Treatment  by  surgical  removal  was  first  performed  in  August 
1701  by  Robert  Houstoun  of  Glasgow,  who  in  1724  recorded  how  in  a 
case  of  4  dropsy  in  the  left  ovary  ’  he  opened  the  abdomen,  took  out 
9  quarts  of  gelatinous  fluid  and  many  cysts,  the  woman  surviving 
for  13  years.  This  success  did  not  apparently  attract  much  attention  ; 
William  Hunter  (1718-83),  however,  mentioned  in  1704  that  excision 
had  indeed  been  proposed  by  ‘modern  surgeon’s’.  The  credit  for  the 
first  ovariectomy  is  usually  given  to  Ephraim  McDowell  (1771-1830) 
of  Kentucky,  who  performed  the  first  of  his  13  ovariectomies  m 
December  1809,  the  patient  surviving  the  operation  for  31  years.  In 
Britain  John  Lizars  (1794-1860)  of  Edinburgh,  was  the  first,  m 
1825,  to  bring  the  ‘extraction  of  diseased  ovaries  within  the  bounds 
of  regular  surgery’  (Comrie).  Lizars  stated  that  about  eight  years 
before  ‘Dr.  Macdowal  of  Kentucky  sent  the  details  of  three  cases  of 
ovariectomy  to  my  worthy  preceptor,  the  late  celebrated  surgeon 
Mr.  John  Bell’.  James  Blundell  (1790-1877),  who  had  carried  out 
some  experimental  work  bearing  on  the  operation  in  the  same  year, 
quite  independently  expressed  the  view  that  ovariectomy  would 

‘ultimately  come  into  general  use’. 

Para -Malpighian  nodules  and  cysts  on  the  surface  of  the 
ovaries,  Fallopian  tubes  and  broad  ligaments  are  small,  white  or 
yellow  masses,  often  hardly  visible,  and  are  said  to  be  present  m  12 
per  cent,  of  laparotomies  (Muller,  1934).  They  were  described  in 
1887  by  Chiari  (1851-1916)  as  occurring  in  1  per  cent,  of  necropsies 
and  as  nodular  enlargements,  consisting  of  small  cysts  containing 
clear  fluid  and  surrounded  by  secondary  muscular  hyperplasia.  Von 
Recklinghausen  and  Freund  (1896)  regarded  them  as  remains  of  the 
Wolffian  body,  and  analogous  to  adenomyomas.  Ries  (1897)  tabu¬ 
lated  several  causes,  such  as  non-inflammatory  and  inflammatory, 
for  this  condition.  They  were  also  described  by  Meyer  (1903),  and 
have  been  erroneously  regarded  as  tuberculous  and  as  carcinomatous, 
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but  according  to  Muller  they  are  not  of  any  clinical  importance, 
never  become  carcinomatous,  and  are  formed  from  the  germinal 
epithelium  and  composed  of  polygonal  and  flattened  cells. 

Angiomas  in  rare  instances  have  been  recorded  in  association 
with  similar  formation  in  other  organs,  such  as  the  liver  and  adrenals, 
and  to  be  bilateral  (Payne,  1869). 

Teratomas.  Synonyms:  Embryomas,  Dermoid  Cysts.  In  the 
distant  past  ovarian  teratomas  were  regarded  as  the  result  of  im¬ 
pregnation  by  the  devil.  In  1815  Meckel  (1781-1833)  suggested  that 
the  teratoma  was  a  twin  included  in  the  body  of  a  brother  or  sister. 

Dermoid  cysts  or  cystic  teratomas  constitute  about  10  per  cent, 
of  ovarian  tumours.  They  are  bilateral  in  about  10  per  cent,  of  the 
cases,  and  more  than  one  cyst  may  be  present  in  the  same  ovary. 
They  are  rather  prone  to  wake  up  and  cause  symptoms  during  preg¬ 
nancy.  Solid  teratomas  are  rare.  Malignant  disease,  usually  a 
chorionepithelioma,  occasionally  arises  in  a  teratoma;  7  out  of  11 
malignant  abdominal  teratomas  started  in  the  ovary  (Montgomery, 
1898). 

Thyroid  tissue  is  not  very  rare  in  ovarian  tumours,  but  it  is  not 
found  in  testicular  tumours.  Early  cases  were  reported  by  Bland- 
Sutton  (1893)  and  Kroemer  (1899).  When  the  tumour  is  obviously  a 
teratoma  or  an  embryoma  the  explanation  of  the  presence  of  thyroid 
tissue  is  clear,  namely,  that  it  is  derived  from  the  embryonic  rudiment. 
Ivoucky  (1925)  estimated  that  19  per  cent,  of  ovarian  teratomas  con¬ 
tained  thyroid  tissue,  and  according  to  Moench  (1929)  at  least  fifty 
cases  are  on  record.  When,  however,  as  occasionally  occurs,  thyroid 
tissue  is  found  in  ovarian  cystadenomas  or  a  tumour  without  other 
evidence  of  an  embryoma  the  explanation  is  open  to  discussion. 
Pick  (1902)  argued  that  the  origin  is  still  teratomatous,  but  that  the 
other  elements  have  been  suppressed.  It  has  been  urged  that  the 
tissue  resembling  thyroid  tissue  is  derived  from  a  colloid  change  in  the 
epithelium  of  ovarian  cystadenomas  (Bell,  1905  ;  Borst,  1912  ;  Baur, 
1914;  Moench,  1915),  and  they  have  been  called  pseudostrumas  of 
the  ovary  (Strong,  1914).  Ovarian  teratomas  may  contain  thyroid 
tissue  in  amount  sufficient  to  cause  hyperthyroidism  (vide  p.  231 ),  and 
have  also  been  found  to  contain  parathyroid  cells  ( vide  p.  278). 

Innocent  Tumours. 
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1935,  xix.  303 ;  Nagel,  V.,  Arch.  f.  Gynak.,  Berlin,  1887,  xxxi.  327  ;  Novak,  E., 
and  Te  Linde,  R.  W.,  Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1923,  xxxiv.  289  ; 
Pick,  L.,  Arch.  j.  Gynak.,  Berlin,  1905,  lxxvi.  191 ;  Payne,  J.  F.,  Trans.  Path. 
Soc.  Bond.,  1869,  xx.  203;  Robin,  C.,  Gaz.  d.  hop.,  Paris,  1857,  xxx.  14;  Roki- 
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tansky,  C.,  Allg.  Wien.  med.  Ztng.,  1859,  xxxiv.  253;  Shaw,  W.,  Journ.  Obst. 
and  Gyn.  Brit.  Emp.,  Manchester,  1929,  xxxvi.  1 ;  Witherspoon,  J.  T.,  Endo¬ 
crinol.,  Los  Angeles,  1933,  xvii.  703;  idem,  Arch.  Path.,  Chicago,  1935,  xx.  22; 
idem,  Am.  Journ.  Cancer,  Lancaster,  Pa.,  1935,  xxiv.  402. 

Endometrioma,  &c. 

Bell,  W.  B.,  Journ.  Obst.  and  Gyn.  Brit.  Emp.,  1922,  xxix.  443 ;  Burch,  J.  C., 
Williams,  W.  L.,  and  Cunningham,  R.  S.,  Surg.,  Gyn.  and  Obst.,  Chicago, 
1931,  xliii.  338;  Cook,  J.  W.,  and  Dodds,  E.  C.,  Nature,  Lond.,  1933,  cxxxi. 
205;  Cullen,  T.  S.,  Adenomyome  des  Uterus,  Berlin,  1903;  Sampson,  J.  A., 
Arch.  Surg.,  Chicago,  1921,  iii.  295;  idem,  Am.  Journ.  Obst.  and  Gynec.,  1925, 
x.  649;  Schroeder,  R.,  Arch.  f.  Gynak.,  Berlin,  1912,  xcviii.  81;  Stewart, 
M.  J.,  in  A  Manual  of  Obstetrical  and  Gynaecological  Pathology  (Teacher  and 
Marshall),  Oxford  Univ.  Press,  1935,  p.  229 ;  Teel,  H.  M.,  Am.  Journ.  Physiol., 
Boston,  1926-7,  lxxix.  185;  Witherspoon,  J.  T.,  Arch.  Path.,  Chicago,  1935, 
xx.  22. 

Ovarian  Cysts. 

Blundell,  J.,  Researches,  Physiological  and  Pathological,  instituted  principally 
with  a  view  to  the  improvemeyit  of  Medical  and  Surgical  Practice,  Lond.,  1825, 
p.  26;  Boyd,  W.,  Text-book  of  Pathology,  Lond.,  1934,  p.  716;  Comrie,  J.  D., 
History  of  Scottish  Med.,  Lond.,  1932,  i.  357,  589  ;  Ewing,  J.,  Neoplastic  Diseases, 
Phila.,  1928,  p.  624 ;  Follin,  These  de  Paris,  1850  ;  Frommel,  Ztschr.f.  Geburtsh. 
u.  Gyn.,  Stuttg.,  1890,  xix.  44;  Gusserow,  A.  L.  G.,  und  Eberth,  C.  J., 
Virchows  Arch.,  1868,  xliii.  14;  Houstoun,  R.,  Phil.  Trans.,  Lond.,  1724, 
xxxiii.  8;  Hunter,  W.,  Med.  Observ.  and  Inquiries,  Lond.,  1764,  ii.  41 ;  Lizars, 
J.,  Observations  on  the  Extraction  of  Diseased  Ovaria,  illustrated  by  plates 
coloured  after  Nature,  Edin.,  1825;  Marchand,  F.,  Beitrdge  zur  Kenntnis  der 
Ovarialtumoren,  Halle,  1879;  Russell,  W.  W.,  Bull.  Johns  Hopkins  Hosp., 
Baltimore,  1899,  x.  8;  Wyeth,  R.,  Arch.  f.  Gynak.,  Berlin,  1884,  xxiii.  434, 
xxiv.  100. 

Para-Malpighian  nodules. 

Chiari,  H.,  Ztschr.f.  Heilk.,  Wien,  1887,  viii.  457 ;  Meyer,  R.,  Virchows  Arch., 
1903,  clxxi.  443;  Muller,  J.  H.,  Ann.  d'anat.  path.,  Paris,  1934,  xi.  484; 
Reckinghausen,  F.  von,  und  Freund,  Adenomyome  des  Uterus,  1896;  Ries, 
E.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1897,  xxviii.  962;  idem,  Journ.  Exper. 
Med.,  N.Y.,  1897,  ii.  347. 

Teratomas. 

Bauer,  E.,  Ztschr.f.  Geburtsh.  u.  Gynak.,  Stuttg.,  1914,  lxxv.  617  ;  Bell,  R.  H., 
Journ.  Obst.  and  Gyn.  Brit.  Emp.,  Lond.,  1905,  viii.  92;  Bland-Sutton,  J., 
vide  Tumours:  Innocent  and  Malignant,  Lond.,  1917,  p.  605;  Borst,  M.,  Die 
Lehre  v.  d.  Geschwulsten,  1912;  Koucky,  J.  D.,  Ann.  Surg.,  Phila.,  1925,  lxxxi. 
821  ;  Kroemer,  P.,  Arch.f.  Gynak.,  Berlin,  1898,  lvii.  322;  Masson,  J.  C.,  and 
Mueller,  S.  C.,  Surg.  Obst.  and  Gyn.,  Chicago,  1933,  lvi.  931;  Meckel,  J.  I ., 
Arch.f.  Physiol.,  Halle,  1815,  i.  528;  Moench,  G.  L.,  Ztschr.  f.  Geburtsh.  u. 
Gynak.,  Stuttg.,  1915,  lxxvii.  301 ;  idem,  Surg.,  Gijn.  and  Obst.,  Chicago,  1929, 
xlix.  130;  Montgomery,  D.  W.,  Journ.  Exper.  Med,.,  N.Y.,  1898,  iii.  259; 
Strong,  L.  W.,  Am.  Journ.  Obst.,  N.Y.,  1914,  lxx.  410. 

Malignant  Tumours 

Reference  will  be  more  specially  made  to  those  of  interest  from  an 
endocrine  aspect. 
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Arrhenoblastoma  (apprjv  or  aparjv  =  male),  a  term  invented  by 
R.  Meyer  (1930).  These  are  atypical  adenomas  of  testicular  structure 
and  vary  in  their  histological  structure ;  two  forms  were  described 
by  Meyer  (1930):  (1)  a  tubular  adenoma,  (2)  a  solid,  atypical 

growth  resembling  sarcoma.  They  arise  from  undifferentiated 
cells  in  the  rete  (the  homologue  of  the  testis)  of  the  ovary,  not 
from  an  ovotestis,  develop  in  a  masculine  direction,  and  exert  a 
de-feminizing  influence  so  that  the  patients  become  hirsute  with  a 
male  distribution  of  hair,  enlargement  of  the  larynx  and  a  deep 
voice,  amenorrhoea,  atrophy  of  the  mammae  and  the  other  ovary, 
and  enlargement  of  the  clitoris.  The  tumours  are  of  a  low  malig¬ 
nancy.  The  group  of  arrhenoblastomas  has  by  some  been  expanded 
to  include  the  masculinizing  tumours  of  the  adrenal  cortex  and  the 
pineal. 

Granulosa -celled  Carcinoma.  These  tumours  were  described 
by  Meyer  (1931)  as  arising  from  ‘granulosa -cell’  rests  of  the  embry¬ 
onic  cells  left  over  in  the  development  of  the  ovary ;  Robinson  (1930) 
supported  the  older  view  that  they  were  derived  from  the  epithelium 
of  the  adult  Graafian  follicles.  It  is  usually  stated  that  the  first 
example  was  reported  in  1895  as  an  ‘adenoma  of  the  Graafian  follicle 
with  a  transition  to  ‘carcinoma’  by  von  Kahlden  (1859-1903);  but 
Robinson  considered  that  a  specimen  was  described  in  1855  by 
Rokitansky  (1804-78).  Acconci  in  1890  also  recorded  a  case  which 
has  been  regarded  as  an  example.  They  are  greyish  yellow,  may  be 
cystic  or  solid,  and  may  degenerate  in  the  centre  and  show  areas  like 
corpora  lutea  or  corpora  albicantia  (Klaften,  1932). 

The  histological  appearances  vary,  and  two  forms  at  least  have 
been  described:  (i)  folliculoma  malignum  ovarii  (Gottschalk,  1899), 
sometimes  known  as  ‘von  Kahlden’s  tumour’,  and  (ii)  non-follicular, 
less  rare  than  the  former  and  showing  variations  in  a  sarcomatous 
direction  (Novak  and  Long,  1933). 

They  are  rare,  and  usually  occur  after  60  years  of  age  ;  but  among 
31  collected  cases  3  occurred  in  childhood  (Meyer,  1931),  and  in 
1935  Thornton  collected  7  cases  in  childhood.  Generally  unilateral, 
they  vary  much  in  size,  from  that  of  an  acorn  to  one  filling  half  the 
abdomen.  Being  of  a  low  form  of  malignancy  and  seldom  giving  rise 
to  metastases,  ovariectomy  is  generally  followed  by  cure ;  from  an 
analysis  of  126  cases  Szathmary  (1933)  found  that  recurrences 
occurred  in  10  per  cent.  As  the  cells  from  which  they  arise  secrete 
the  hormone  oestrin  or  folliculin,  these  tumours  cause  hyperfollicu- 
linism,  exert  a  feminizing  influence,  and  are  responsible  for  post¬ 
menopausal  haemorrhages  or  in  childhood  for  precocious  puberty. 
They  also  stimulate  the  endometrium  to  hyperplasia  or  even  carci¬ 
noma  (Schroeder,  1922;  Neumann,  1924).  The  blood,  urine,  and 
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faeces  contain  folliculin  which  diminishes  and  disappears  after 
removal  of  the  tumours. 

Granulosa- celled  tumours  are  extremely  radio-sensitive  (Klaften, 
1932).  Some  confusion  has  occurred  between  granulosa- celled  carci¬ 
noma  and  the  oophoroma  folliculare  described  by  Brenner  (1907)  and 
called  the  ‘Brenner  tumour’. 

Ovarian  Seminoma. 

Synonyms :  Oophoroma  folliculare  (Brenner),  Brenner’s 
tumour,  disgerminoma  (Meyer,  1931),  fibro -epithelioma 
mucinosum  benignum  ovarii  (Plaut,  1933). 

Brenner  described  this  tumour  in  1907,  but  Plaut  pointed  out  that 
Orthmann  had  done  so  in  1899.  In  France  Chevassu  (1906)  in  de¬ 
scribing  testicular  seminomas  suggested  that  ovarian  tumours  of  the 
same  kind  would  be  found;  this  was  established  by  Chenot  (1911), 
Masson  (1912),  Menetrier  (1922),  Peyron  ( 1 924 ) ,  and  Hoche .  Abraham 
(1933)  collected  46  cases.  This  tumour  arises  from  sexually  undiffer¬ 
entiated  cells  which  do  not  provide  a  sex  hormone.  In  early  life  it 
is  often  associated  with  defective  ovaries,  sometimes  with  pseudo¬ 
hermaphroditism  and  with  precocious  menstruation;  in  young  women 
there  may  be  irregular  or  absent  menstruation,  abnormalities  of  the 
secondary  sex  characters  and  of  the  internal  sexual  organs.  Accord¬ 
ing  to  Meigs  (1935)  it  retards  development,  but  has  not  any  mascu¬ 
linizing  effect.  The  tumours  are  pedunculated,  free  from  adhesions, 
hard  from  the  amount  of  fibrous  tissue,  whitish  yellow  or  pinkish  on 
section,  and  give  rise  to  metastases  in  the  lymphatic  glands.  Ovarian 
seminomas  and  their  metastases  are  extremely  sensitive  to  X-rays, 
and  very  good  results  have  been  obtained  in  the  cases,  not  very 
numerous  as  yet,  thus  treated  (Beclere,  1934). 

Pflugerome  was  the  name  given  by  Masson  (1912)  to  a  growth 
with  cells  resembling  those  of  Pfluger’s  cords  seen  in  the  4-5  months 
of  foetal  life. 

Chorion -epithelioma  in  an  ovarian  teratoma  was  first  described 
by  Pick  (1902);  it  is  less  frequent  than  in  the  testis,  thus  Bonney 
(1907)  collected  7  cases  only  as  compared  with  20  testicular  examples. 
Zalka  (1928)  collected  25  ovarian  cases,  in  13  of  which  there  was  a 
history  of  pregnancy  (vide  also  p.  416). 

Primary  Malignant  Melanomas.  Aman  (1903)  reported  one  in 
an  embryoma ;  cases  without  an  obvious  embryoma  have  been  re¬ 
corded  (Andrews,  1901 ;  Winternitz,  1908). 

Krukenberg  Tumours.  Fibro-sarcoma  mucocellulare  carcino- 
matodes.  In  1895  Krukenberg  (1855-99)  described  as  a  primary 
ovarian  malignant  growth,  usually  bilateral,  a  peculiar  tumour  with 
a  sarcomatous  stroma  containing  large  cells,  the  nucleus  of  which 
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may  be  so  displaced  by  mucin  as  to  produce  the  appearance  of  a 
signet  ring.  The  tumours  occur  both  in  the  young  and  the  old,  are 
commonly  associated  with  ascites,  reach  a  considerable  size  but 
maintain  the  shape  of  the  ovaries.  That  these  tumours  were  often 
metastatic  was  stated  by  Wagner  (1902),  Ewing  (1928),  Willis  (1934), 
and  others,  and  it  is  only  when  no  primary  growth  elsewhere  can  be 
found  that  Krukenberg’s  original  view  is  acceptable. 

Secondary  growths  in  the  ovaries,  nearly  always  bilateral,  are 
due  to  implantation  of  malignant  cells  which  multiply  rapidly  so  that, 
the  tumours  may  be  larger  than  the  primary  growth  which  is  usually 
inside  the  peritoneal  cavity  or  less  often  in  the  mamma.  These  two 
sites  of  the  primary  growth  accounted  for  75  per  cent,  of  the  cases 
analysed  by  Warren  and  Macomber  (1935).  The  great  majority  of 
the  so-called  Krukenberg  tumours,  but  perhaps  not  all,  are  meta- 
stases. 

Abraham,  E.  G.,  Zentralbl.  f.  Gynak.,  Leipz.,  1933,  lvii.  1113;  Acconci,  L., 
Centralbl.  f.  ally.  Path.,  Jena,  1890,  i.  738;  Aman,  Verhandl.  deutsch.  Gesellsch. 
f.  Gyn.,  1903,  v.  10;  Andrews,  R.,  Trans.  Obst.  Soc.,  Loncl.,  1901,  xliii.  228; 
Beclere,  A.,  Presse  med.,  Paris,  1934,  xlii.  1513;  Bonney,  V.,  Trans.  Path. 
Soc.  Lond.,  1907,  lviii.  90;  Brenner,  F.,  Frankfurt.  Ztschr.f.  Path.,  Wiesb., 
1907,  i.  150;  Chenot,  These  de  Paris,  1911;  Chevassu,  M.,  These  de  Paris, 
No.  193,  1905—6;  Ewing,  J.,  Neoplastic  Diseases,  Phila.,  1928,  p.  647;  Gott- 
schalk,  S.,  Arch.  f.  Gynak.,  Berlin,  1899,  lix.  676 ;  Hoche,  J.,  Bull.  Assoc.  franQ. 
pour  V etude  du  cancer,  1930,  xix.  476;  Kahlden,  C.  von,  Centralbl.  f.  ally.  Path, 
u.  path.  Anat.,  Jena,  1895,  vi.  257  ;  Klaften,  E.,  Arch.  f.  Gynak.,  Berlin,  1932,  cl. 
643 ;  Krukenberg,  G.  P.,  Arch.f.  Gynak.,  Berlin,  1895, 1.  287  ;  Masson,  P.,  Bull, 
etmem.  Soc.  anat.,  Paris,  1912,  6  s.,  xiv.  170;  Meigs,  J.  V.,  Ann.  Sury.,  Phila., 
1935,  cii.  834;  Menetrier,  Peyron,  Isch-Weil,  et  Lory,  Bull.  Assoc,  /rang, 
pour  V etude  du  cancer,  1922,  xi.  185;  Meyer,  R.,  Arch.  f.  Gynak.,  Berlin,  1924, 
cxxiii.  675 ;  idem,  Zentralbl.  f .  Gynak.,  Leipz.,  1930,  liv.  2374 ;  idem,  Am.  Journ. 
Obst.  and  Gynec.,  1931,  xxii.  697;  Neumann,  H.  O.,  Arch.  f.  Gynak.,  Berlin, 
1924,  cxxi.  69;  Novak,  E.,  Am.  Journ.  Med.  Sc.,  Phila.,  1934,  clxxxvii.  599; 
Novak,  E.,  and  Long,  J.  H.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1933,  ci.  1057  ; 
Orthmann,  E.  G.,  Monatschr.  f.  Geburtsh.  u.  Gynak.,  Berlin,  1899,  ix.  771; 
Peyron,  A.,  Bidl.  et  mem.  Soc.  biol.,  Paris,  1924,  xc.  575;  Pick,  L.,  Berlin,  klin. 
Wchnschr.,  1902,  xxxix.  1189;  Plaut,  A.,  Arch.f.  Gynak.,  Berlin,  1933,  cliii.  97  ; 
Robinson,  M.  R.,  Sury.,  Gyn.,  and  Obst.,  Chicago,  1930,  li.  321 ;  Schroeder, 
H.,  Zentralbl.  f.  Gynak.,  Leipz.,  1922,  xlvi.  195;  Szathmary,  Z.,  Arch.f.  Gynak., 
Berlin,  1933,  cliii.  127  ;  Thornton,  H.  C.,  Am.  Journ.  Cancer,  Lancaster,  Pa., 
1935,  xxiii.  522 ;  Wagner,  G.  A.,  Wien.  klin.  Wchnschr.,  1902,  xx.  519  ;  Warren, 
S.,  and  Macomber,  W.  B.,  Arch.  Path.,  Chicago,  1935,  xix.  75;  Willis,  R.  A., 
The  Spread  of  Tumours  in  the  Human  Body,  Lond.,  1934,  p.  310 ;  Winternitz, 
M.  C.,  Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1908,  xx.  314;  Zalka,  E.  de, 
Am.  Journ.  Path.,  Boston,  1928,  iv.  59. 

Chorion -epithelioma 

History.  H.  W.  Netzel  (1834-1914)  in  1872  described  a  tumour 
arising  in  the  placenta  (Hamdi,  1935).  Sanger  (1853-1903)  in  1889  and 
1893  and  Pfeifer  independently  in  1890  described  malignant  sarcoma- 
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like  tumours  of  the  uterus,  which,  as  they  were  composed,  of  cells  thought 
to  resemble  those  of  the  decidua,  were  described  as  deciduoma  malig- 
num.  Marchand  (1846-1928)  in  1895  and  1898  showed  that  the 
tumour  arose  from  both  the  syncytial  and  the  Langhans’  cells  of 
the  chorionic  villi,  and  not  from  the  decidua,  and  therefore  called  the 
tumour  chorion-epithelioma  malignum  (1895).  In  1896,  however,  the 
Obstetrical  Society  of  London  decided  that  the  tumours  were  sar¬ 
comas;  in  1902  Schlagenhaufer  confirmed  Marchand’s  view,  and 
explained  cases  quite  unconnected  with  pregnancy  as  arising  from 
the  chorion  in  teratomas,  and  Pick  (1905)  endorsed  this.  In  this 
country  Teacher  (1869-1930),  working  from  1898  to  1904,  upheld  the 
chorionic  origin  of  the  tumours  which  have  also  been  called  choriomas, 
placentomas,  and  trophoblastomas: 

Herbert  Williamson  (1872-1924)  in  1904  showed  a  specimen,  in  the 
museum  of  St.  Bartholomew’s  Hospital,  from  a  woman  who  fifteen 
months  before  her  death  in  1873  had  been  delivered  of  a  vesicular 
mole;  the  necropsy  described  the  secondary  growths,  subsequently 
shown  to  be  chorion-epithelioma,  as  ‘tuberculous  masses’  in  the  lung, 

‘pyaemic  abscesses’  in  the  liver,  and  ‘haematomata’  in  the  vaginal 
wall. 

Ewing  (1828)  divided  the  growths  into  (u)  chorio- adenoma  destruens 
whth  destruction  of  a  placental  mole,  an  early  form  of  malignancy 
described  by  i  olkmann  (1874),  ( b )  chorio- carcinoma,  and  (c)  syn- 
cytioma  and  syncytial  endometritis,  the  atypical  form  described  by 
Marchand.  The  tumours  spread  by  invasion  of  the  blood-vessels, 
so  that  haemorrhages  are  common,  rapidly  generalize,  the  lungs 
being  specially  affected,  but  at  least  12  cases  of  cerebral  metastases 
have  been  recorded  (Teacher,  1935).  Both  the  primary  and  secon¬ 
dary  growths  are  extremely  haemorrhagic.  Healing  of  pulmonary 
metastases  has  been  reported,  and  in  other  cases  the  secondary 
growths  have  disappeared  after  removal  of  the  primary  growth 
only. 

Extra-uterine  chorion- epitheliomas  have  been  divided  into  (i) 
those  associated  with  pregnancy,  and  (ii)  those  in  which  chorion- 
epitheliomatous  proliferation  occurs  in  a  teratoma.  De  Zalka  (1928) 
collected  2o  o\  arian  cases,  13  of  which  were  associated  with  preg¬ 
nancy;  he  also  collected  6  primary  in  the  liver.  Ectopic  growths 
following  pregnancy  have  been  thought  to  be  (i)  really  metastases 
from  primary  uterine  growths  eliminated,  undetected,  or  cured,  or 
(ii)  derived  from  normal  placental  cells  carried  by  the  blood-stream 
to  various  parts  of  the  body. 

In  extra-genital  chorion-epitheliomas  the  uterus  show's  the  same 
decidual  changes  as  in  an  ectopic  gestation.  This  tumour  and  its 
metastases  exert  the 'same  hormonal  influence  as  pregnancy;  this  is 
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also  shown  by  a  positive  Aschheim-Zondek  test  for  pregnancy  which 
is  usually,  but  not  invariably,  more  strongly  positive  in  hydatidiform 
mole  and  chorion-epithelioma  than  in  normal  pregnancy  (vide  also 
p.  397). 

Ewing,  J.,  Neoplastic  Diseases,  Phila.,  1928,  p.  619;  Hamdi,  H.,  Ann.  d'anat. 
path.,  Paris,  1935,  xii.  493;  Marchand,  F.,  Monatschr.  f.  Geburtsh.  u.  Gyndk., 
Berlin,  1895,  i.  418,  513;  idem,  Ztschr.f.  Geburtsh.  u.  Gyndk.,  Stuttg.,  1898, 
xxxiv.  793;  Pfeifer,  V.,  Pray.  med.  Wchnschr.,  1890,  xv.  327;  Pick,  L., 
Virchows  Arch.,  1905,  clxxx.  72;  Sanger,  M.,  Centralbl.  f.  Gyndk.,  Leipz., 
1889,  xiii.  132;  idem,  Arch.f.  Gyndk.,  Berlin,  1893,  xliv.  89;  Schlagenhatjfer, 
F.,  Wien.  klin.  Wchnschr.,  1902,  xv.  604;  Teacher,  J.  H.,  Brit.  Journ.  Obst. 
and  Gyn.  Brit.  Emp.,  Manchester,  1903,  iv.  1 ;  idem,  A  Manual  of  Obstetrical 
and  Gynaecological  Pathology,  Lond.,  1935,  p.  146;  Volkmann,  R.,  Virchows 
Arch.,  1874,  lxi.  467;  Williamson,  H.,  Trans.  Obstet.  Soc.  Lond.,  1904,  xlv. 
253;  Zalka,  E.  de,  Am.  Journ.  Path.,  Boston,  1928,  iv.  59. 


CHAPTER  VIII 


THE  PANCREAS:  THE  ISLANDS  OF 

LANGERHANS 

History.  Mondino  (1270-1326)  of  Bologna,  ‘  t  he  restorer  of  anatomy 
gave  an  anatomical  account  of  the  pancreas  (TrayKpeas:  tt&s  =  all, 
Kpeas  =  flesh,  the  sweetbread)  and  mentioned  its  duct  which, 
however,  is  named  after  J.  G.  Wirsung,  a  Bavarian,  prosector  to 
J.  Vesling  (1598-1649),  professor  of  anatomy  at  Padua.  Wirsung 
was  assassinated  by  a  Dalmatian  medical  man  in  1632,  the  year  after 
he  discovered  the  duct,  and  did  not  publish  any  account  of  his 
observation,  but  Vesling  in  1641  stated  that  Wirsung  was  the  first  to 
point  out  the  duct  in  man.  Association  of  the  duct  with  his  name 
is  also  confirmed  by  a  rare  copper-plate  dated  1642  (Garrison). 
Moritz  Hoffmann  (1622-98)  was  stated  by  T.  Bartholin  to  have  first 
noticed  the  duct  in  1648  ;  Bernhard  Swalve  (1625-80  ?)  in  1667  gave 
an  account  of  the  duct,  but  said  that  it  might  open  into  the  duodenum 
with  or  away  from  the  common  bile-duct. 

The  Accessory  Duct.  Regnier  de  Graaf  (1641-73)  in  1663  found 
that  in  man  there  was  sometimes  an  additional  duct,  sometimes  the 
main  one  only.  G.  D.  Santorini  (1681-1737)  in  1724  described  and 
figured  two  ducts.  J.  F.  Meckel  (1781-1833),  the  younger,  con¬ 
sidered  the  presence  of  two  ducts  to  be  an  abnormal  persistence  of 
the  two  buds  in  foetal  life. 

Garrison,  F.  H.,  Introduction  to  the  History  of  Medicine,  Phila.,  1929,  p.  250; 
Graaf,  R.  de,  Disputatio  medica  de  Natura  et  TJsu  Sued  pancreatici,  Leyde, 
1663;  Meckel,  J.  F.,  Traite  general  d'anatomie  comparee,  French  edit.,  Paris, 
1828,  iii;  Santorini,  G.  D.,  Observationes  anatomicae,  Venet.,  1724;  Swalve, 
B.,  Pancreas  pancrene,  Amstelod.,  1667;  Vesling,  J.,  Syntagma  anatomicum, 
Padua,  1641. 


Embryology.  At  the  end  of  the  fourth  week  of  foetal  life  two 
buds  arise  from  the  dorsal  and  ventral  surfaces  of  the  future  duo¬ 
denum,  most  of  the  gland  coming  from  the  dorsal  bud ;  these  buds 
form  the  ducts,  the  dorsal  the  accessory  duct  of  Santorini,  the 
ventral  bud  that  of  Wirsung.  The  islands  of  Langerhans  begin  to 
appear  about  the  end  of  the  third  month,  by  separation  from  the 
duct  system.  In  this  connexion  Keith  adds  that  this  shows  ‘how 
ductless  glands  like  the  thyroid  and  pituitary  may  have  arisen  from 
duct  glands  by  atrophy  of  the  excretory  part’. 

Keith,  A.,  Human  Embryology  and  Morphology,  Lond.,  1933,  p.  318. 
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Aberrant  Pancreatic  Nodules.  It  has  been  stated  that  Jean  Schulze 
(1687-1749)  noted  one  at  the  tip  of  a  cone-shaped  diverticulum  of 
the  ileum  in  1727  (Hunt  and  Bonesteel).  Klob  in  1859  described  one 
in  the  stomach,  and  in  1860  Montgomery  reported  one  and  quoted 
another  specimen  observed  in  1851  by  J.  S.  Bristowe  (1827-95)  at 
St.  Thomas’s  Hospital,  but  this,  as  it  was  described  as  microscopically 
consisting  of  1  small  roundish  and  elongated  follicles  lined  by  c  colum¬ 
nar  epithelium  ’,  cannot  be  regarded  as  certainly  pancreatic.  They 
are  not  very  uncommon;  Hunt  and  Bonesteel  (1934)  collected  186 
cases  distributed  as  follows:  stomach  62,  or  33  per  cent. ;  duodenum 
43,  or  23  per  cent. ;  jejunum  40,  or  21-5  per  cent. ;  and  ileum  30,  or 
16  per  cent.  But  the  number  recently  recorded  has  advanced  rapidly, 
for  in  1904  Warthin  (1866-1931)  collected  only  49,  in  1927  Simpson 
brought  the  number  up  to  150.  Among  1800  necropsies  at  the  Johns 
Hopkins  Hospital  there  were  10  examples  (Opie,  1910). 

The  aberrant  nodules  measure  3  to  5  mm.  in  diameter,  are  firm, 
yellowish  in  colour,  and  have  ducts.  Langerhans’  islands  may  or 
may  not  be  present  (Hunt  and  Bonesteel) ;  some  observers  (Stewart 
and  Hartfall,  1928)  stated  that  they  can  usually  be  found,  and 
especially  in  the  stomach  (King  and  MacCallum,  1904).  Among  24 
cases,  not  included  in  Hunt  and  BonesteeTs  186  cases,  island  tissue 
was  present  in  9  (Branch  and  Gross,  1935). 

In  the  stomach  their  presence  was  first  described  by  Zenker  (1861 ) ; 
Warthin  (1866-1931)  collected  13  examples  in  1904,  and  in  1934 
Hunt  and  Bonesteel  collected  62.  King  and  MacCallum  argued  that 
they  are  not  heterotopic  ‘rests’  or  displacements  in  foetal  life,  but 
that  they  arise  from  the  gastric  epithelium  as  the  result  of  abnormal 
stimuli. 

Carcinoma  of  the  stomach  arising  in  a  heterotopic  adenoma  of 
ordinary  pancreatic  tissue  was  recorded  in  1923  by  Nicholson,  who 
referred  to  two  other  reported  cases. 

Pancreatic  tissue  in  diverticula  of  the  intestine  was  present  in 
33  of  Hunt  and  Bonesteel's  186  cases  ;  26  of  these  were  in  the  ileum, 
but  only  14  in  a  Meckel’s  diverticulum,  which  is  usually  within  3  feet 
of  the  ileo-caecal  valve.  It  is  probable  that  in  the  19  cases  not  in 
a  Meckel's  diverticulum  the  traction  exerted  by  the  pancreatic 
nodule  may  have  caused  the  diverticulum.  Zenker  (1861)  described 
pancreatic  tissue  at  the  tip  of  a  diverticulum. 

The  bad  effects  ascribed  to  these  heterotopic  nodules  are  intussus¬ 
ception  and  intestinal  obstruction. 

Branch,  C.  D.,  and  Gross,  R.  E.,  Arch.  Surg.,  Chicago,  1935,  xxxi.  200;  Hunt, 
V.  C.,  and  Bonesteel,  H.  T.  S.,  ibid.,  1934,  xxviii.  425;  King,  E.  S.,  and 
MlcCallum,  P.,  Arch.  Surg.,  Chicago,  1934,  xxviii.  125;  Klob,  J.,  Ztschr.  d. 
Gesell.  d.  Aerzte,  Wien,  1859,  xv.  732;  Montgomery,  E,  Trans.  Path.  Soc. 
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Lond.,  1861,  xii.  130;  Nicholson,  G.  W.,  Guy's  Hosp.  Rep.,  Lond.,  1923,  lxxiii. 
37 ;  Opie,  E.  L.,  Diseases  of  the  Pancreas,  Phila.,  1918,  p.  81 ;  Stewart,  M.  J., 
and  Hartfall,  S.  J.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1928,  xxxi.  37; 
Taylor,  A.  L.,  ibid.,  1927,  xxx.  415;  Warthin,  A.  S.,  Phys.  and  Surg., 
Detroit,  1904,  xxvi.  337;  Zenker,  F.  A.,  Virchows  Arch.,  1861,  xxi.  369. 

Islands  of  Langerhans.  In  1869  Paul  Langerhans  (1847-?) 
described  the  structures  to  which  his  name  was  in  1893  attached  by 
E.  G.  Laguesse  (1861-1927),  who  stated  that  they  were  more  nume¬ 
rous  in  the  foetus  than  in  the  adult.  Kuhne  (1837-1900)  and  Lea 
(1853-1915)  in  1882  described  the  islands  as  collections  of  lymphoid 
tissue,  but  this  was  corrected  by  Laguesse  (1893)  and  by  Harris  and 
Gow  (1894).  Clark  (1913)  estimated  that  the  pancreas  contains  from 
three-quarters  of  a  million  to  one  and  a  half  millions  of  islands,  which 
are  nearly  twice  as  numerous  in  the  tail  as  elsewhere  (Opie,  1900). 
R.  M.  Wilder  (1933)  quoted  a  verbal  communication  from  H.  E. 
Robertson  to  the  effect  that  routine  post-mortem  examinations 
showed  the  islands  to  be  more  numerous  and  larger  than  a  quarter 
of  a  century  ago,  and  the  question  of  any  relation  to  the  increased 
consumption  of  sugar  was  raised. 

The  polygonal  cells  of  the  island  tissues  are  divided  into  alpha- 
cells,  beta-cells,  which  occupy  the  outer  part  of  the  islands  and  con¬ 
tain  granules  soluble  in  alcohol  which  supply  the  insulin,  and  gamma 
cells  (Best,  1935).  The  islands  are  surrounded  by  loops  of  capillaries 
and  sinusoids ;  this  free  vascular  supply  and  scarcity  of  lymphatics 
support  the  opinion  that  insulin  is  carried  off  by  the  blood -stream. 

Claude  Bernard  (1813-78)  did  not  connect  them  with  diabetes 
mellitus,  and  though  J.  von  Mering  (1849-1908)  and  O.  Minkowski 
(1858-1931)  proved  in  1889  that  excision,  complete  or  nearly  so,  of 
the  pancreas  caused  hyperglycaemia  and  fatal  diabetes,  it  was  not 
until  1893  that  the  combination  of  physiological  investigation  (ex¬ 
cision  and  grafting)  of  the  pancreas  by  E.  Hedon  (1863-1933)  and 
of  the  histological  work  of  Laguesse  indicated  that  the  islands  of 
Langerhans  provided  an  internal  secretion.  It  has,  however,  been 
stated  (Truhart,  1904)  that  Claudia  Ulesko,  in  an  inaugural  thesis 
in  1883,  described  ‘an  internal  secretion  of  a  gland  within  a  gland’ 
in  the  pancreas.  Laguesse  in  1896  recognized  granules  in  the  cells 
of  the  islands ;  Diamere  in  1899  and  Schulze  in  1900  described  two 
kinds  of  cells  in  the  islands,  and  M.  A.  Lane  in  1907  separated  cells 
with  alpha  (oxyphil)  and  beta  (basophil)  granules  which  differ  in 
size,  solubility,  and  refractive  power  from  those  found  in  the  cells 
of  the  rest  of  the  pancreas. 

The  relation  of  the  islands  of  Langerhans  to  the  ordinary  cells  of 
the  pancreas  was  discussed  in  1886  by  Lewaschew,  who  believed  that 
as  a  result  of  exhaustion  the  acinous  cells  became  converted  into 
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island  tissue ;  in  1902  Mankowski  described  the  islands  as  the  highest 
stage  of  activity  of  the  acinous  cells.  Dale  (1905)  concluded  that,  as 
the  result  of  exhaustion,  starvation,  and  ligature  of  the  duct,  islands 
were  formed  from  the  acini.  This  was  confirmed  in  1907  by  Swale 
Vincent  (1868-1933)  and  Thompson  who  stated  that  the  number  of 
islands  increases  as  the  result  of  inanition  (rest)  and  over-stimulation 
(exhaustion),  and  that  there  are  many  cells  in  a  state  of  transition 
from  the  normal  cells  of  the  acini  to  island  tissue  ;  Laguesse  regarded 
the  alpha  cells  as  transitional  cells  and  the  beta  cells  as  definitely 
island  cells.  In  1912  Bensley  contested  these  views  and  showed  that 
the  islands  are  derived  from  the  epithelium  of  the  pancreatic  ducts, 
which  has  three  developmental  potentialities,  namely,  to  form  ordi¬ 
nary  acini,  alpha  cells,  and  beta  cells.  Homans  (1913),  Grauer  (1926), 
and  others  have  confirmed  Bensley’s  conclusions  which  are  now 
generally  accepted.  The  name  insuline  for  the  hormone  produced 
by  the  islands  was  first  suggested  by  cle  Meyer  in  1909,  and  indepen¬ 
dently  by  Schafer  in  1916.  When  it  was  isolated  in  1922  J.  R.  R. 
Macleod  (1876-1935),  F.  G.  Banting,  and  C.  H.  Best,  after  first  calling 
it  dietin’,  subsequently  adopted  the  slightly  modified  name  ‘insulin’. 
Abel  in  1926  first  obtained  insulin  in  the  form  of  hexagonal  crystals. 
Hyperinsulinism  causing  spontaneous  hypoglycaemia  is  referred  to 
on  p.  426. 

Physiology.  In  early  times  the  pancreas  was  regarded  as  a 
mechanical  packing  in  the  abdomen,  to  support  the  branches  of  the 
aorta  and  serve  as  a  cushion  for  the  stomach.  In  1578  John  Banister 
(1540-1610)  in  his  Historie  of  Man  sucked  from  the  Sappe  of  the  most 
approved  Anathomistes  referred  to  ‘  a  certaine  glandulous  body  behind 
the  duodenum,  called  in  Greekes  the  panchreas,  which  supports  and 
shields  the  vessels  propper  to  the  same  guts’.  According  to  Thomas 
Wharton  (1656)  the  pancreas  removed  the  supposed  excrement  from 
‘  the  plexus  of  the  vagus’.  A  view  current  in  the  seventeenth  century 
was  given  by  Thomas  Gibson  in  1682,  namely  that  it  refined  and 
brought  the  chyle  to  perfection,  and  was  the  gall-bladder  of  the 
spleen. 

The  digestive  importance  of  the  external  secretion  of  the  pancreas 
dates  from  1663  when  Regnier  de  Graaf,  a  pupil  of  F.  Sylvius  (1614- 
72)  at  Leyden,  established  a  pancreatic  fistula  in  a  dog  and  obtained 
the  secretion,  an  experiment  which,  according  to  Michael  Foster, 
was  not  again  performed  until  Claude  Bernard  took  up  the  subject 
in  1846.  John  Konrad  von  Brunner  (1653-1727)  in  1673  removed 
nearly  all  the  pancreas  from  dogs  without  producing  immediate 
death,  though  several  of  them  had  symptoms  suggesting  diabetes 
mellitus;  in  1682  he  published  these  observations  and  stated  that 
the  pancreatic  juice  was  not  acid,  acted  like  the  saliva,  and  contested 
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the  important  part  in  digestion  which  de  Graaf  and  Sylvius  believed 
it  to  play.  In  1687  he  described  the  glands  in  the  duodenum  which 
bear  his  name,  as  providing  a  secretion  like  that  of  the  pancreas  and 
as  a  ‘pancreas  secundarium In  1836  J.  E.  Purkinje  (1787-1869) 
and  S.  M.  Pappenheim  (181 1-82)  showed  that  extracts  of  the  pancreas 
had  proteolytic  powers,  and  in  a  long  series  of  experiments  in  1857-63 
Lucien  Corvisart  (1821—?)  proved  that  the  pancreatic  juice  could 
digest  proteins  without  the  assistance  of  the  bile,  thus  disproving  the 
belief  in  this  respect  of  Claude  Bernard. 

Willy  Kuhne  (1837-1900)  in  1876  isolated  trypsin.  Dolinski  in 
1895  showed  that  the  entrance  of  acid  into  the  duodenum  excited 
a  flow  of  pancreatic  juice;  Pavlov  (1849-1936)  in  1897  brought 
evidence  that  this  was  a  nervous  reflex.  In  1902  Bayliss  and  Starling 
proved  that  the  acid  liberates  from  the  epithelial  cells  of  the 
duodenum  secretin  which  stimulates  the  pancreas  to  secrete. 
Secretin  was  assumed  to  come  from  a  precursor,  prosecretin. 

Insulin.  Langerhans,  who  described  the  existence  of  the  islands, 
did  not  suggest  any  function  for  them,  and,  as  already  mentioned,  the 
conception  that  they  had  an  internal  secretion  was  due  to  Laguesse 
in  1893.  Many  attempts  to  isolate  the  internal  secretion  were  made, 
and  Zuelzer  in  1908  came  very  near  to  discovering  a  method  for  the 
preparation  of  insulin  ;  an  extract  was  given  to  eight  diabetic  patients, 
and  their  diabetic  state  was  thereby  improved,  but  symptoms  then 
thought  to  be  toxic  followed,  Forschbach  (1909)  reported  very 
adversely  on  its  effects,  and  the  clinical  trial  was  abandoned  ;  Macleod 
(1926)  suggested  that  these  manifestations  were  due  to  hypogly- 
caemia.  Banting  and  Best  in  1921  began  working  in  Macleod’ s 
laboratory  on  the  use  of  ligature  of  the  pancreatic  duct  so  as  to 
produce  atrophy  of  the  acini  and  thus  to  remove  the  trypsin  which 
otherwise  destroyed  the  internal  secretion  of  the  islands.  The  first 
report  on  the  subject  was  very  briefly  given  in  December,  1921,  at 
a  meeting  of  the  American  Physiological  Society,  by  Banting,  Best, 
and  Macleod.  The  method  was  most  exhaustively  tested  and 
elaborated  with  complete  success. 

Best  (1935)  pointed  out  that  insulin  is  antagonized  by  five  internal 
secretions,  (i)  Adrenaline  causes  a  prompt  mobilization  of  hepatic 
glycogen  and  probably  somewhat  later  the  conversion  of  muscle 
glycogen  into  lactic  acid,  (ii)  The  hormone  of  the  adrenal  cortex; 
for  removal  of  the  cortex  may  induce  hypoglycaemia  which  is 
abolished  by  injection  of  cortical  extract,  (iii)  Thyroid,  by  accelerat¬ 
ing  the  mobilization  of  hepatic  glycogen  and  probably  by  hastening 
gluconeogenesis  causes  hyperglycaemia.  (iv)  The  diabetogenic  sub¬ 
stance  in  the  anterior  pituitary,  and  (v)  a  principle  in  the  posterior 
lobe,  associated  with  the  oxytocic  fraction  (Holman  and  Ellsworthy, 
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1935)  causes  hyperglycaemia.  Experimental  injection  of  insulin  has 
been  found  to  increase  the  lactic  acid  content  of  the  blood  (Collazo 
and  Almela,  1935). 

Extracts  from  the  pancreas,  such  as  kallikrein  (Kraut  and  Frey, 
1930),  angioxyl  (Gley  and  Kisthinios,  1929),  and  vagotonine  (Sante- 
noise,  1930),  when  free  from  insulin,  have  been  found  to  have  a 
depressor  effect  on  raised  blood-pressure.  The  last-named  differs 
from  the  other  two  in  not  producing  an  immediate  fall  of  blood- 
pressure,  but  a  delayed  and  more  prolonged  effect.  It  also,  when 
given  repeatedly,  leads  to  an  increased  number  of  red  blood  cor¬ 
puscles  in  various  forms  of  anaemia  (Santenoise,  Drouet,  and  Grand- 
pierre,  1935). 
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Thompson,  F.  D.,  Internat.  Monatschr.  f.  Anat.,  1907,  xxiv.  61 ;  Wharton,  T., 
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Enlargement  of  the  Islands  of  Langerhans  has  been  recorded 
in  various  conditions,  especially  destructive  lesions  of  the  liver 
(Warthin,  1900;  Symmers,  1909),  and  has  been  explained  as  com¬ 
pensatory  for  the  diminished  carbohydrate-burning  function  of  the 
hepatic  cells  (Ohlmacher,  1904).  The  change  has  been  recorded  in 
obesity  (Ogilvy,  1933). 

A  baby  dying,  possibly  from  hypoglycaemia,  on  the  third  day  after 
birth,  was  found  to  show  hyperplasia  and  hypertrophy  of  the  island 
tissue  with  three  times  the  normal  number  of  islands,  which  were 
enlarged,  and  twenty-four  times  the  normal  amount  of  island  tissue 
(Gray  and  Feemster,  1925). 

Hypertrophy  has  been  found  in  diabetes  mellitus  (Warren,  1926). 
Tumours.  Fabrozzi  was  the  firs':  to  describe  tumours  derived 
from  the  islands  of  Langerhans;  in  1903  he  reported  five  cases  of 
carcinoma  arising  from  the  islands,  but  the  correctness  of  this 
deduction  has  been  criticized  (Cecil,  1911). 

Adenomas  of  the  Islands  of  Langerhans  were  first  recognized 
by  Nicholls  (1902);  cases  were  then  recorded  by  Ssobolew  (1904), 
Reitmann  (1905),  Helmholz  (1907),  and  others,  who  all  described 
quite  small  tumours.  Le  Comte  (1911)  reviewed  the  literature  and 
concluded  that  they  were  not  of  any  great  clinical  importance.  In 
1921  Goldblatt  recorded  a  large  atypical  adenoma  arising  in  islet 
tissue  in  the  head  of  the  pancreas  in  a  woman  who  died  emaciated 
from  diarrhoea  suggesting  pancreatic  inadequacy.  Schneider  in 
1924  collected  13  cases  of  pancreatic  adenoma,  but  symptoms  re¬ 
sembling  hypoglycaemia  were  not  mentioned.  Stewart  and  Hartfall 
(1928)  first  reported  the  occurrence  of  adenomas  composed  of  island 
tissue  in  the  alimentary  canal;  in  this  instance  there  were  two 
adenomas,  one  projecting  into  the  duodenum  from  the  pylorus,  the 
other  projecting  into  the  lower  part  of  the  ileum.  A  case  with  three 
adenomas  of  island  tissue  in  the  pancreas  was  recorded  by  Wolf, 
Hare,  and  Riggs  (1933),  and  eight  such  adenomas  were  present  in 
a  case  with  a  large  pituitary  tumour  and  tumour-like  enlargement 
of  several  parathyroids  (Lloyd,  1929).  Whipple  and  Frantz  (1935) 
collected  62  cases  of  these  pancreatic  adenomas,  which  are  most 
frequent  in  the  tail  and  may  undergo  fibrosis  and  even  calcification. 
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Adenomas  of  island  tissue  are  usually  composed  of  the  beta-cells  of 
the  normal  islands.  It  has  been  suggested  that  these  island  adenomas 
may  have  an  age  cycle  and  after  being  active  and  causing  hypogly- 
caemia  degenerate  and  become  harmless  (Bensley,  1915).  According 
to  O’Leary  and  Womack  (1934),  the  staining  reactions  of  the  specific 
cytoplasmic  granules  in  most  of  the  cells  in  the  adenoma  differed 
sufficiently  from  those  of  the  beta-cells  in  normal  human  island 
tissue  to  justify  the  hypothesis  of  dysinsulism. 

Slye  and  Wells  (1935)  pointed  out  the  rarity  of  malignant  tumours 
of  the  pancreas  in  the  lower  animals,  and  mentioned  that  among 
125,000  mice,  20,000  of  which  carried  tumours,  2  only  were  of  the 
pancreas ;  they  recorded  the  details  of  a  dog,  diagnosed  as  having 
hypoglycaemia,  with  several  tumours  of  island  tissue  in  the  pancreas, 
2  of  which  were  carcinomatous. 
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Hyperinsulinism  and  Hypoglycaemia 

History.  After  the  recognition  of  hypoglycaemic  symptoms  from 
excessive  doses  of  insulin,  the  occurrence  of  spontaneous  hypogly¬ 
caemia  was  recorded.  In  1924  Seale  Harris  reported  4  cases  of 
hyperinsulinism,  on  the  analogy  of  hyperthyroidism,  but  did  not 
refer  to  adenomas  of  the  islands  of  Langerhans  as  a  possible  factor. 
In  1927  R.  M.  Wilder  and  his  colleagues  reported  the  case  of  a  surgeon 
with  acute  attacks  of  severe  hypoglycaemia,  in  whom  operation 
revealed  a  primary  carcinoma  of  the  islands  of  Langerhans  with 
hepatic  metastases  which  contained  large  quantities  of  insulin. 
Malignant  disease  is  much  rarer  than  adenoma  of  the  islands  of 
Langerhans  as  a  cause  of  spontaneous  hyperinsulinism ;  in  1934 
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Berardinelli  collected  3  cases  only  of  malignant  disease  of  the  islands 
as  responsible  for  spontaneous  hypoglycaemia.  In  1928  McClenahan 
and  Norris  published  a  case  of  adenoma  of  the  islands  of  Langerhans 
diagnosed  during  life  on  the  association  of  hypoglycaemic  symptoms 
with  a  persistent  low  blood-sugar  content. 

The  following  causes  of  hypoglycaemia  were  tabulated  by  Wau- 
chope  (1933):  (i)  hyperinsulinism :  tumours  or  hyperplasia  of  the 
islands  of  Langerhans ;  functional  or  idiopathic  excess  of  insulin. 

(ii)  Lack  of  opposing  secretions  ;  in  disease  of  the  adrenals,  Addison’s 
disease,  Simmonds’s  disease;  pituitary  tumours;  myxoedema.  (iii) 
Lack  of  glycogen.  Destruction  of  reservoirs:  hepatic  disease,  cirrho¬ 
sis  ;  muscular  atrophy.  Abnormal  excretion  of  sugar ;  renal  diabetes, 
lactation.  Active  depletion  of  stores,  muscular  exercise.  Failure  to 
replenish  stores:  starvation,  (iv)  Interference  with  the  regulating 
centre  ;  disease  of  the  pons  and  over-action  of  the  vagus.  Best  (1934) 
tabulated  the  causes  of  hypoglycaemia  as  due  to  (i)  damage  of  the 
liver  cells,  (ii)  excessive  inhibition  of  gluconeogenesis  by  insulin,  and 

(iii)  diminished  gluconeogenesis  due  to  hypofunction  of  the  anterior 
pituitary,  the  thyroid,  or  the  adrenals.  He  concluded  that  the  influ¬ 
ence  of  the  anterior  pituitary  on  the  new  formation  of  sugar  in  the 
liver  is  more  powerful  than  that  of  the  thyroid  or  adrenals,  and 
mentioned  that  removal  of  the  anterior  pituitary  in  toads,  rabbits, 
and  dogs  may  cause  hypoglycaemia.  Inadequacy  of  both  the  cortex 
and  the  medulla  of  the  adrenals  may  be  responsible  for  hypoglycaemia. 

Tumours  of  island  tissue  do  not  necessarily  give  rise  to  hypogly¬ 
caemia  ;  among  62  collected  cases  of  adenoma  there  were  30  in 
which  hypoglycaemia  was  not  observed  (Whipple  and  Frantz,  1935). 
According  to  Smith  and  Seibel  (1931)  those  composed  of  abnormal 
beta- cells  have  this  effect ;  the  normal  islands  in  these  cases  do 
not  show  over-stimulation  or  degeneration.  These  observers  do  not 
regard  the  adenomas  as  due  to  hypertrophy  of  the  normal  islands, 
and  found  difficulty  in  deciding  whether  these  new  formations 
should  be  regarded  as  adenomas  or  as  slowly  growing  carcinomas. 
Though  hypertrophy  of  the  islands  is  not  infrequent  in  diabetes 
mellitus  (Warren),  adenoma  is  extremely  rare. 

A  man,  aged  62  years,  after  having  had  diabetes  mellitus  for  nine 
years,  lost  all  signs  of  that  disease  and  showed  evidence  of  hyper  - 
insulinaemia  which  was  explained  as  due  to  imperfect  interglandular 
compensation  (Rathery,  Froment,  Derot,  and  Jammet,  1933). 

The  normal  pancreas  without  an  excess  of  the  beta-cells  is  capable 
of  secreting  a  sufficient  amount  of  insulin  to  cause  hypoglycaemia 
(Leyton,  1934).  Judd  and  Mann  (1932)  collected  4  cases  of  hyper¬ 
insulinism  due  to  hyper-secretion  of  the  gland  as  a  whole  and  without 
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any  adenoma;  and  in  1934  Best  collected  G  such  cases.  These  cases 
were  regarded  by  Rynearson  (1934)  as  examples  of  functional 
hypoglycaemia,  mild  in  character  and  distinct  from  organic  hyper- 
insulinism,  due  to  tumours  of  the  islands,  hepatic  disease,  and  other 
causes.  Hepatogenous  hypoglycaemia  has  been  reported  in  malig¬ 
nant  disease  (Elliott,  1929 ;  Nadler  and  Wolfer,  1929 ;  Crawford, 
1931  ;  Bears  and  Morton,  1935),  in  fatty  change  (Judd,  Kepler,  and 
Rynearson,  1934),  phosphorus  poisoning  (Bodansky,  1923),  acute 
necrosis  (Rabinovitch,  1929),  and  in  cirrhosis  (Campbell  and  MacLeod, 
1925).  A  primary  tumour  of  the  pituitary  by  diminution  of  the 
secretion  of  the  anterior  lobe  has  been  described  as  responsible  for 
the  syndrome  of  ‘pituitary  spontaneous  hypoglycaemia’  (J.  Wilder, 
1930). 

In  the  following  cases  the  conditions  were  anomalous.  Hypo¬ 
glycaemia  was  reported  in  association  with  hypoplasia  of  the  pancreas 
by  Winans  (1933),  who  explained  this  at  first  sight  paradoxical  con¬ 
dition  by  the  supposition  that  hypoplasia  of  the  pancreas  upsets  the 
normal  equilibrium  between  the  external  and  internal  secretion  of  the 
pancreas,  so  that  there  is  a  loss  of  the  inhibitory  effect  exerted  by 
trypsin  on  insulin. 

Goodhart  (1933)  reported  an  adenoma  of  island  tissue  associated 
with  a  very  low  blood-sugar  and  glycosuria.  This  combination  of  low 
blood-sugar  and  glycosuria  is  paralleled  by  the  occurrence  of  a  similar 
lowered  renal  threshold  in  diabetes  mellitus  explaining  the  persistence 
of  glycosuria  with  hypoglycaemia  (Leyton,  1929). 

Sex.  Among  16  cases  with  convulsions  Weil  found  males  were 
affected  twice  as  often  as  females. 

Foetal  hyperinsulinism  has  been  recorded  in  the  offspring  of 
diabetic  mothers  and  ascribed  to  hypertrophy  of  the  islands  to  com¬ 
pensate  for  the  maternal  inadequacy  (Dubreuil  and  Anderodias, 
1920;  Gray  and  Feemster,  1926). 

The  symptoms  of  hypoglycaemia  were  arranged  by  J.  Wilder 
(1930)  into  three  groups:  (i)  due  to  disorganization  of  the  vegetative 
nervous  system,  (ii)  those  pointing  to  organic  disease  of  the  nervous 
system,  and  (iii)  psychical  in  character. 

As  in  medicinal  over-dosage  of  insulin,  the  symptoms  in  spon¬ 
taneous  hypoglycaemia  may  be  slight,  moderate,  or  severe,  (i)  In  the 
slight  form  the  first  change  is  a  fall  in  the  intra-ocular  tension, 
followed  by  a  rise  in  the  systolic  and  a  fall  in  the  diastolic  blood- 
pressure  (Vestergaard,  1929).  Then  a  raised  pulse-rate,  sweating, 
hunger,  facial  pallor,  muscular  weakness  and  tremor,  inability  to 
correlate  ideas,  headache,  and  giddiness.  When  of  moderate  intensity 
the  symptoms  are  more  prominent,  and  the  tremor  becomes  more 
convulsive.  The  severe  cases  show  mental  disturbance,  convulsions, 
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and  coma  which  may  be  fatal.  The  plantar  response  may  be  extensor. 
The  convulsions  are  indistinguishable  from  those  of  idiopathic 
epilepsy.  It  has  been  shown  that  in  epileptics  the  fasting  blood-sugar 
is  low  (Lennox  and  Bellinger,  1927  ;  Minchin,  1933),  and  it  has  there¬ 
fore  been  thought  that  some  cases  of  idiopathic  epilepsy  are  thus 
caused.  It  has  been  suggested  that  epilepsy  is  a  Mendelian  recessive 
character  and  that  hypoglycaemia  is  also  recessive,  to  hyperglycaemia 
(Dunn,  1932).  The  nervous  and  mental  symptoms  in  the  attacks 
vary  considerably ;  anxiety  and  depression  are  common,  amnesia 
may  be  striking,  an  habitually  mild  disposition  may  become  offensive 
in  a  seizure,  and  arrests  for  drunkenness  have  been  made.  The  bodily 
temperature  may  be  subnormal.  Between  the  attacks  the  blood- 
sugar  level  may  be  normal.  The  relief  both  to  severe  hunger  and  to 
the  threatening  of  an  attack  may  lead  to  so  much  eating  that  the 
patients  become  somewhat  fat. 

Diagnosis  of  organic  hyperinsulinism  must  be  made  from  other 
conditions  which  may  be  responsible  for  hypoglycaemia,  such  as 
hepatic  disease— primary  carcinoma,  degeneration  due  to  salvarsan 
poisoning,  phosphorus  poisoning — Addison's  disease,  hypothyroid¬ 
ism,  hypopituitarism,  progressive  muscular  atrophy. 

Treatment.  The  symptoms  when  not  severe  can  be  prevented 
or  removed  by  frequent  meals  rich  in  carbohydrates,  and  the  subjects 
of  spontaneous  hyperinsulinism  should  carry  sugar  about  with  them 
in  case  of  emergencies ;  glucose,  as  it  does  not  require  inversion  by 
the  saliva,  is  preferable  to  ordinary  sugar.  Intravenous  injection  of 
glucose  and  also  of  adrenaline  may  be  necessary  in  coma.  When  the 
symptoms  become  more  urgent  the  question  of  surgical  exploration 
for  the  removal  of  an  adenoma  of  the  islands  of  Langerhans  should 
be  considered.  This  has  been  successfully  carried  out  in  at  least 
7  cases  (Best,  1934).  In  6  others  in  which  laparotomy  did  not  reveal 
an  adenoma  partial  pancreatectomy  has  been  performed,  but  in  1 
only  with  any  benefit,  namely,  in  the  case  of  the  Finneys  (1928)  in 
which  two-thirds  of  the  pancreas  was  excised.  Failure  in  the  other 
cases  has  been  ascribed  to  an  insufficient  amount  of  pancreas  removed 
(Judd,  Allan,  and  Rynearson,  1933),  and  Wilder  (1933)  compared 
these  results  with  those  in  the  early  history  of  thyroidectomy  for  toxic 
goitre;  Berry  (1935)  advocated  removal  of  half  the  pancreas.  Best, 
however,  criticized  the  surgical  treatment  and  suggested  the  use  of 
a  potent  diabetogenic  extract  of  the  anterior  pituitary.  John  (1935) 
advocated  insulin  in  functional,  but  not  in  organic  hyperinsulism. 
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Surg.,  Phila.,  1928,  lxxxviii.  584;  Goodhart,  G.,  Trans.  Med.  Soc.  Lond.,  1933, 
lvi.  97 ;  Gray,  S.  H.,  and  Feemster,  L.  C.,  Arch.  Path,  and  Lab.  Med.,  Chicago, 
1926,  i.  348;  Harris,  S.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1924,  lxxxiii.  729; 
John,  H.  J.,  Endocrinol.,  Los  Angeles,  1935,  xiii.  689;  Judd,  E.  S.,  Allan, 
F.  N.,  and  Rynearson,  E.  H.,  ibid.,  1933,  ci.  99;  Judd,  E.  S.  S.,  Kepler, 
E.  J.,  and  Rynearson,  E.  H.,  Am.  Journ.  Surg.,  1934,  xxiv.  345;  Judd,  E.  S., 
and  Mann,  F.  N.,  Arch.  franQo-belg.  de  chir.,  1932,  xxxiii.  281;  Lennox, 
W.  G.,  and  Bellinger,  M.,  Arch.  Int.  Med.,  Chicago,  1927,  xl.  182;  Leyton, 
O.,  Proc.  Roy.  Soc.  Med.,  Lond.,  1929,  xxii.  1225;  idem,  Lancet,  1934,  i.  1221  ; 
McClenahan,  W.  U.,  and  Norris,  G.  W.,  Trans.  Assoc.  Amer.  Phys.,  Phila., 
1928,  xliii.  168;  Minchin,  R.  L.  H.,  Journ.  Ment.  Sc.,  Lond.,  1933,  lxxix. 
659;  Nadler,  W.  H.,  and  Wolfer,  J.  A.,  Arch.  Int.  Med.,  Chicago,  1929, 
xlix.  700;  Rabinovitch,  I.  M.,  Journ.  Biol.  Chem.,  Baltimore,  1929,  lxxxiii. 
333  ;  Rathery,  F.,  Froment,  Derot,  M.,  et  Jammet,  M.  L.,  Bull.  Acad,  de  med., 
Paris,  1934,  cxi.  38;  Rynearson,  E.  H.,  Proc.  Staff  Meetings  Mayo  Clinic, 
1934,  ix.  573;  Smith,  M.  G.,  and  Seibel,  M.  G.,  Am.  Journ.  Path.,  Boston, 
1931,  vii.  723;  Vestergaard,  J.  D.,  Acta  Ophthalm.,  1927,  vii.  273;  Warren, 
S.,  Am.  Journ.  Path.,  Boston,  1926,  ii.  335;  Wauchope,  G.  M.,  Quart.  Journ. 
Med.,  Oxford,  1933,  n.s.,  ii.  117;  Weil,  C.  K.,  Internat.  Clinics,  Phila.,  1932, 
43  s.,  iv.  33;  Whipple,  A.  O.,  and  Frantz,  V.  E.,  Ann.  Surg.,  Phila.,  1935, 
ci.  1299;  Wilder,  J.  (i)  Deutsche  Ztschr.  f.  Nervenh.,  Leipz.,  1930,  cxii.  192; 
idem,  (ii)  Med.  KliniJc,  1930,  xxvi.  616 ;  Wilder,  R.  M.,  Internat.  Clinics,  Phila., 
1933,  s.  43,  ii.  1 ;  Wilder,  R.  M.,  Allan,  F.  N.,  Power,  M.  H.,  and  Robert¬ 
son,  H.  E.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1927,  lxxxix.  345;  Winans, 
H.  M.,  Am.  Journ.  Med.  Sc.,  Phila.,  1933,  clxxxv.  500. 


Diabetes  Mellitus  and  the  Endocrine  Glands 

The  striking  polyuria  was  naturally  known  from  very  ancient 
times;  Celsus  described  polyuria  and  wasting,  and  Aretaeus  ( circa 
a.d.  150)  first  used  the  word  diabetes  (Sta/bjr^s-  —  a  siphon).  It 
appears  from  the  Ayur  Veda  ( circa  a.d.  500)  that  it  was  well  known 
in  India  and  that  Susruta  (fifth  century)  had  noticed  its  sweet  taste, 
hence  its  name  there  ‘honey  urine’  (J.  Jolly).  In  less  ancient  times 
Thomas  Willis  (1621-75)  is  generally  credited  with  having  first 
described  the  sweet  taste  of  the  urine  in  1674,  which  he  said  occurred 
in  all  cases;  he  therefore  cannot  be  said  to  have  thus  separated 
diabetes  mellitus  from  other  forms  of  polyuria,  though  he  paved  the 
way  for  this.  But  the  Arabic  scholar  Dinguizli  in  1913  showed  that 
Avicenna  (980-1037)  had  anticipated  Willis,  unless  indeed  the  former 
had  obtained  this  knowledge  from  Susruta.  That  the  sweet  taste  of 
urine  was  known,  at  any  rate  in  France,  before  1674  appears  probable 
from  Moliere’s  early  play,  Le  Medecin  volant  (1650),  in  which  the 
valet  Sganarelle,  posing  as  a  medical  man,  tastes  the  urine  and  notes 
that  it  is  sweet.  At  the  end  of  the  seventeenth  century  Richard 
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Morton  (1637-98)  was  familiar  with  this  character  of  diabetic  urine. 
Cullen  (1710-90)  had  recorded  cases  of  non-saccharine  diabetes. 
Matthew  Dobson  (ob.  1784)  of  Liverpool  in  1776  proved  that  the 
sweet  taste  was  due  to  sugar  by  evaporating  the  urine  and  showing 
that  the  mass  thus  obtained  underwent  vinous  and  acetic  fermenta¬ 
tion  ;  he  also  detected  the  sweet  taste  of  the  blood-serum,  and  so 
‘  if  Willis  discovered  or  re-discovered  glycosuria,  to  Matthew  Dobson 
must  be  assigned  the  credit  of  having  discovered  hyperglycaemia  ’ 
(A.  E.  Garrod,  1912).  In  1792  J.  P.  Frank  (1745-1821)  separated 
diabetes  mellitus  or  verus  from  diabetes  insipidus  or  spurius,  and 
W.  Cullen  (1712-90)  recognized  non-saccharine  diabetes,  which 
J.  Camus  (1872-1924)  and  Roussy  in  1913  showed  was  due  to 
disorder  of  the  hypothalamus  without  involvement  of  the  posterior 
lobe  of  the  pituitary.  In  1807  Chevreul  (1786-1889)  proved  that 
the  sugar  in  the  urine  was  glucose. 

Cullen,  W.,  First  Lines  of  the  Practice  of  Physic,  Edin.,  1787 ;  Dinguizli, 
Bull.  Acad,  de  med.,  Paris,  1913,  lxx.  631;  Dobson,  M.,  Med.  Ohserv.  and 
Inquiries  by  a  Soc.  of  Phys.,  Lond.,  1776,  v.  259;  Frank,  J.  P.,  De  curandis 
hominum  rnorbis  epitome,  Mannheim,  1792  ;  Garrod,  A.  E.,  Lettsomian  Lectures 
on  Glycosuria,  Trans.  Med.  Soc.  Lond.,  1912,  xxxv.  113;  Jolly,  J.,  Grundnss 
der  Indo-Arischen  Philologie,  1901 ;  Morton,  R.,  Phthisiologia,  lib.  I,  cap.  viii, 
Lond.,  1698;  Willis,  T.,  Pharmaceutice  rationalis,  section  iv,  chap,  iii,  Oxford, 
1674. 

Heredity.  That  the  disease  may  be  hereditary  and  familial  has 
long  been  known.  Frerichs  (1819-85)  in  1884  estimated  that  a  family 
history  was  present  in  10  per  cent,  of  the  cases ;  in  1928  Joslin  found 
it  in  25-5  per  cent,  of  2,646  cases,  and  among  533  cases  of  juvenile 
diabetics  evidence  of  heredity  was  forthcoming  in  39  per  cent. 
(P.  White,  1933).  Cammidge  (1934),  dealing  with  1,000  cases  of  all 
ages,  found  the  percentage  39-6  for  the  whole  series  and  for  the  first 
and  second  decades  70  and  62  per  cent.  Lawrence  (1934)  found  an 
average  of  25  per  cent,  among  9,150  cases  reported  by  11  authors. 
A  few  congenital  cases  have  been  reported,  but  doubt  has  been 
thrown  on  their  authenticity  (Lawrence  and  McCance,  1931 ).  Among 
11  homologous  twins  with  diabetes  the  disease  appeared  within  the 
same  year  of  life  in  7,  thus  pointing  strongly  to  an  hereditary  factor. 

Dominant,  recessive,  and  irregular  Mendelian  transmissions  have 
all  been  found;  Lawrence  concluded  that  owing  to  the  necessary 
imperfection  of  human  records  no  regular  mode  of  transmission  can 
so  far  be  established. 

Cammidge,  P.  J.,  Lancet,  1934,  i.  393;  Curtis,  W.  S.,  Journ.  Am.  Med.  Assoc., 
Chicago,  1929,  xcii.  952;  Frerichs,  F.  T.,  Ueber  den  Diabetes,  Berlin,  1884; 
Joslin,  E.  P.,  Treatment  of  Diabetes  Mellitus,  1928,  p.  143;  Lawrence,  R.  D., 
The  Chances  of  Morbid  Inheritance  (Blacker),  Lond.,  1934,  p.  332;  Lawrence, 
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R.  D.,  and  McCance,  R.  A.,  Arch.  Dis.  Child.,  Lond.,  1931,  vi ;  Pincus,  G.,  and 
White,  P.,  Am.  J ourn.  Med.  Sc.,  Phila.,  1934,  clxxxviii.  139 ;  White,  P.,  Diabetes 
in  Childhood  and  Adolescence,  Lond.,  1933. 

Pancreatic  Origin.  J.  C.  Brunner  (1658-1729)  published  in 
1682  the  observation  made  in  1673  that  after  removal  of  the  pancreas 
a  dog  suffered  from  extreme  thirst  and  polyuria.  This  was  the  first 
experimental  work  bearing  on  the  pathology  of  diabetes  mellitus, 
though  its  full  significance  was  not  then,  or  until  late  in  the  last 
century,  recognized.  Isolated  observations  on  the  morbid  anatomy 
of  the  disease  were  made  by  individual  workers.  Thus  in  1778 
Thomas  Cawley,  ‘late  Chief  Surgeon  to  the  forces  in  Jamaica’,  who 
is  sometimes  referred  to  as  Cowley  and  confused  with  Abraham 
Cowley  (1618-67),  the  poet,  who  in  1657  was  created  D.M.  at  Oxford 
by  the  Government,  recorded  ‘a  singular  case’  of  diabetes  mellitus 
associated  with  a  pancreas  full  of  calculi.  Chopart  (1743-95)  in  1792 
quoted  Cawley’s  case,  but  did  not,  as  sometimes  stated,  describe 
a  new  case.  Calculi  were  later  reported  by  von  Recklinghausen 
(1833-1910)  in  1864  and  Lancereaux  (1829-1910)  in  1877.  Cases 
in  which  the  pancreas  showed  morbid  changes  were  reported  by 
Richard  Bright  (1789-1858)  in  1831,  and  Bouchardat  (1806-86)  in 
1851.  French s  (1819-85)  in  1884  stated  that  20  per  cent,  of  his 
diabetic  patients  showed  gross  changes  in  the  pancreas. 

Experimental  excision  of  the  pancreas  in  1889  by  von  Mering 
(1849-1908)  and  Minkowski  (1858-1931),  and  by  de  Dominicis, 
and  later  by  Laguesse  (1861-1927)  and  by  Hedon  (1863-1933)  who 
in  1893  ascribed  an  internal  secretion  to  the  islands  of  Langerhans, 
was  followed  by  glycosuria,  and  Opie’s  correlation  of  hyaline  de¬ 
generation  of  the  islands  of  Langerhans  with  diabetes  mellitus  (1901 ), 
finally  established  the  association  between  failure  of  the  function 
of  the  islands  of  Langerhans  and  diabetes  mellitus. 

Bouchardat,  A.,  Mem.  Acad.  roy.  d.  med.,  Paris,  1852,  xvi.  165;  Bright,  R., 
Reports  on  Medical  Cases,  1831,  ii.  262 ;  Brunner,  J.  C.,  Experimenta  nova  circa 
pancreas,  Amsterdam,  1682;  Cawley,  T.,  London  Med.  Journ.,  1788,  ix.  288- 
308;  Chopart,  F.,  Traite  des  maladies  des  voies  urinaires,  Paris,  1791-2; 
de  Dominicis,  N.,  Gior.  internaz.  sc.  med.,  Napoli,  1889,  xi.  801;  Frerichs, 
F.  T.,  Ueber  den  Diabetes,  Berlin,  1884;  Lancereaux,  E.,  Bull.  Acad,  de  med., 
Paris,  1877,  2  s.,  vi.  1215;  von  Mering,  J.,  und  Minkowski,  O.,  Arch.  j.  exper. 
Path.  u.  PharmaJcol.,  1889-90,  xxvi.  375;  Recklinghausen,  F.  von,  Virchows 
Arch.,  1864,  xxx.  360. 

Changes  in  the  Endocrine  Glands.  Pancreas.  The  islands  of 
Langerhans  have  often  been  described  as  histologically  normal,  and 
in  such  cases  it  has  been  suggested  that  their  function  has  been 
inhibited;  this  might  be  due  to  nervous  influences  attending  injury 
or  disease  of  the  central  nervous  system.  The  connexion  between 
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morbid  changes  in  the  islands  of  Langerhans  was  established  in  1901 
by  Opie ;  he  described  two  forms  of  chronic  pancreatitis :  (a)  interlobar, 
in  which  the  islands  are  rarely  affected,  and  ( b )  interacinous,  in  which 
diabetes  mellitus  is  frequent ;  later  in  the  same  year  he  described 
hyaline  degeneration  of  the  islands ;  this  often  but  not  invariably 
occurs  in  diabetes,  but  it  may  also  be  present  in  old  people  without 
diabetes.  Microscopically  the  islands  may  show  diminution  in  num¬ 
ber  and  size,  the  granules  in  the  beta-cells  of  the  islands,  which  are 
believed  to  be  anti-diabetogenic,  may  be  absent  and  the  beta-cells 
appear  swollen. 

Fat  in  the  islands  of  Langerhans  was  first  described  by  Dogiel 
(1893)  who  regarded  its  presence  as  an  indication  of  their  functional 
insignificance  and  degenerate  nature.  Weichselbaum  and  Stangl 
(1901),  however,  found  this  change  normally,  but  Symmers  (1909) 
ascribed  it  to  alcoholism  and  regarded  it  as  pathological;  he  con¬ 
cluded  that  in  diabetes  mellitus  the  island  cells  might  be  quite  free 
from  fat. 

The  pituitary  has  been  found  to  be  diminished  in  size  and  weight 
and  to  show  proliferation  of  the  eosinophil  cells  in  23  cases  (Kraus, 
1923).  Labbe  and  Petresco  (1934)  found  fibrosis  in  severe  cases  and, 
though  not  constantly,  diminution  in  the  number  of  eosinophils. 

True  diabetes  meliitus  may  be  associated  with  hyperthyroidism 
and  hyperplasia  of  the  thyroid. 

Adrenals :  atrophy  of  the  cortex  has  been  reported  (Labbe  and 
Petresco,  1934). 

Kraus,  E.  J.,  Virchows  Arch.,  1923,  ccxlvii.  1 ;  Labbe,  M.,  et  Petresco,  M., 
Ann.  d'anat.  path.,  Paris,  1934,  xi.  761 ;  Opie,  E.  L.,  Journ.Exper.  Med.,  1901, 
v.  397,  527;  Symmers,  D.,  Arch.  Int.  Med.,  Chicago,  1909,  iii.  279;  Weichsel¬ 
baum,  A.,  und  Stangl,  E.,  Wien.  klin.  W chnschr .,  1901,  xiv.  968. 

Clinical  Milestones.  John  Rollo  (  ?  -1809),  a  Surgeon-General 
in  the  Army,  published  in  1797  and  the  following  year  accounts  of 
a  meat  diet.  Diabetic  coma,  first  recognized  by  William  Prout  (1785- 
1850),  was  explained  in  1874  as  due  to  acetonaemia  by  Adolf  Kuss- 
maul  (1822-1902),  who  described  its  manifestation  of  air  hunger; 
/3-oxybutyric  acid  was  discovered  by  E.  Stadelmann  (1853—  )  in 

1883,  and  B.  Naunyn  (1839-1925)  introduced  the  term  acidosis  in 
1906.  In  1871  Troisier  (1844-1919)  described  diabete  bronze  which 
is  a  sequel  of  haemochromatosis  more  elaborately  investigated  by 
von  Recklinghausen  in  1889.  From  1895  to  1914  the  treatment  was 
on  the  lines  of  a  low  carbohydrate  and  high  protein  and  fat  diet  with 
an  occasional  ‘starvation’  day.  In  1914  F.  M.  Allen’s  dietetic  regime 
of  prolonged  fasting  became  dominant  until  insulin  was  made  avail¬ 
able  by  Macleod,  Banting,  and  Best.  Since  then  hypoglycaemia, 
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though  recognized  before,  has  become  more  important,  and  diet  has 
again  been  modified  in  the  direction  of  more  carbohydrate,  and 
patients  have  been  taught  to  treat  themselves.  The  insulin-adrena¬ 
line  treatment  has  been  employed  in  patients  prone  to  show 
hypoglycaemia  (Andersen,  1935). 

Total  thyroidectomy  for  obstinate  diabetes  in  patients  without 
thyroid  diseases  has  been  beneficial  (Wilder,  Foster,  and  Pemberton, 
1933;  Rudy,  Blumgart,  and  Berlin,  1935). 

Trommer’s  test,  invented  by  Trommer  (1806-70),  a  German 
chemist,  for  sugar  was  published  in  1841.  John  Moore  gave  an 
account  of  his  test  in  1844;  the  details  of  Fehling  s  test  were  made 
public  in  1848  by  Hermann  von  Fehling  (1812-85),  a  German 
chemist,  and  modifications  were  devised  by  Pavy  in  1879,  and  by 
A.  L.  Benedict  in  1911.  The  estimation  of  the  blood-sugar  was 
facilitated  by  the  methods  devised  by  Bang  (1906),  Folin  and  Wu 
(1919),  MacLean  (1919),  and  Calvert  (1924). 

Andersen,  T.  T.,  Acta  Med.  Scandinav.,  Stockholm,  1935,  lxxxvi.  361 ; 
Bang,  I.  C.,  Biochem.  Ztschr.,  Berlin,  1906,  ii.  251 ;  Benedict,  A.  L.,  Journ. 
Am.  Med.  Assoc.,  Chicago,  1911,  lvii.  1193;  Calvert,  E.  G.  B.,  Lancet,  1924, 
i.  1310;  Fehling,  H.  von,  Arch.  f.  d.  physiol.  Heilk.,  Stuttg.,  1848,  vii.  64; 
I  olin  and  Wu,  Journ.  Biol.  Chem.,  Baltimore,  1919,  xxxviii.  81 ;  Kussmaul, 
A.,  Deutsches  Arch.  f.  klin.  Med.,  Leipz.,  1874,  xiv.  1 ;  MacLean,  H.,  Biochem. 
Journ.,  Cambridge,  1919,  xiii.  135;  Moore,  J.,  Lancet,  1844,  i.  751;  Pavy, 
F.  W.,  Proc.  Roy.  Boc.  Lond.,  1879,  xxviii.  260;  Recklinghausen,  F.  von, 
Tagebl.  d.  Versamml.  deutsch.  Naturf.  u.  Arzte,  Heidelberg,  1889,  324;  Rollo, 
J .,  Account  of  Two  Cases  of  Diabetes  Mellitus,  Bond.,  1797  ;  Troisier,  M.,  Bull. 
Soc.  anat.,  Paris,  1871,  xlvi.  231;  Trommer,  Ann.  der  Chem.,  Leipz.,  1841, 
xxxix.  361. 


CHAPTER  IX 


THE  THYMUS 

Nomenclature.  Rufus  of  Ephesus  (fl.  circa  a.d.  100),  who  studied 
at  Alexandria  about  a.d.  50,  spoke  of  it  as  6  KaXovpevos  6vpos  (the 
Greek  Ovfios  —  soul,  courage).  Galen  (a.d.  131-201),  who  also 
worked  at  Alexandria  about  a.d.  155,  gave  it  the  differently  accented 
name  9vpos  from  its  resemblance  to  a  bunch  of  thyme  flowers 

( 6v[JiOV ). 

The  History  of  the  thymus  was  exhaustively  given  by  Haugsted 
(1804-66)  in  1831  and  by  John  Simon  (1816-1904)  in  the  essay  which 
won  the  first  Astley  Cooper  Prize  in  1845,  and  has  been  utilized  here. 
Simon  stated  that  the  thymus  had  probably  been  known  at  the 
Alexandrian  school  since  the  time  of  Herophilus  and  Erasistratus 
(300  b.c.). 

A  cavity  in  the  centre  of  the  thymus  was  described  in  1673  by 
Thomas  Bartholinus  (1616-80),  who  had  observed  fluid  in  it  in  1652. 
It  is  perhaps  significant  that  he  also  figured  a  cavity  in  the  adrenals. 
The  statement  that  the  thymus  was  hollow  long  persisted;  Hugo, 
a  pupil  of  Haller  at  Gottingen,  confirmed  it,  and  in  1832  Sir  Astley 
Cooper  (1768-1841),  who  injected  and  hardened  the  thymus  with 
alcohol,  described  the  'reservoir'  of  the  thymus  as  lined  by  smooth 
mucous  membrane  and  running  spirally,  not  straight,  through  the 
gland.  Hassall  (1817-94)  in  1849  and  Ecker  (1816-87)  in  1853  gave 
a  somewhat  similar  account.  In  the  meanwhile  the  existence  of  the 
cavity  or  reservoir  in  the  thymus  had  been  denied  by  Bichat  (1771- 
1802)  in  1803,  and  by  Goodsir  (1814-67)  in  1846,  who  ascribed  it  to 
the  method  of  preparing  the  specimens.  Dudgeon  (1904)  ascribed 
the  cavity  to  post-mortem  liquefaction.  Bellinger  (ob.  1721)  in  1717 
believed  that  the  thymus  discharged  its  secretion  into  the  sub- 
maxillary  gland;  as  an  explanation  of  this  conclusion  it  has  been 
suggested  that  in  the  animals  he  dissected  the  thymus  was  in  close 
relation  to  the  submaxillary  gland.  Another  idea  which  confused 
the  outlook  on  the  thymus  was  that  it  was  a  fat  or  hibernating  gland  ; 
this  was  introduced  by  G.  Velsch  (1618-90)  in  1670  and  accepted  by 
Simon  in  1845,  but  controverted  in  1817  by  Jacobson  and  by  Barkow 
in  1846. 

Bartholinus,  T.,  Anatome,  .  .  .  quartum  renovata,  Leyde,  1673;  Bellinger,  1 ., 
Tractatus  de  foetu  nutnto,  Lond.,  1717;  Bichat,  M.  F.  X.,  Traite  d  anatomie 
descriptive,  Paris,  1  803 ;  Cooper,  A.  P.,  Anatomy  of  the  Thymus  Gland,  Lond., 
1832;  Dudgeon,  L.  S.,  Trans.  Path.  Soc.  Lond.,  1904,  lv.  151;  Ecker,  A.  E., 
Handworterhuch  der  Physiol.  (R.  Wagner),  Braunschweig,  18o3,  iv.  114; 
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Goodsir,  J.,  Phil.  Trans.,  Lond.,  1846,  cxxxvi.  633;  Hassall,  A.  H.,  Micro¬ 
scopical  Anatomy  of  the  Human  Body  in  Health  and  Disease,  Lond.,  1849; 
Haugsted,  F.  C.,  Thymi  in  Homine  ac  per  seriem  Animalium,  Hafniae,  1831 ; 
Simon,  J.,  The  Thymus  Gland,  a  Physiological  Essay,  Lond.,  1845. 

Embryology.  Wilhelm  His  (1831-1904)  in  1885  described  the 
thymus  as  arising  opposite  the  third  and  fourth  gill  clefts  from  the 
epithelium  of  the  sinus  cervicalis.  But  in  1887  Franklin  Paine  Mall 
(1862-1917)  when  working  in  His’s  laboratory  came  to  the  con¬ 
clusion  that  the  thymus  was  derived  from  the  entoderm  of  the 
foregut.  An  interesting  account  of  this  rather  delicate  incident 
has  been  given  by  Florence  Sabine  (1934).  The  thymus  anlage 
becomes  solid,  thicker,  and  descends  caudally  to  form  the  body  of 
the  thymus.  If  the  cranial  end  of  the  thymus  does  not  entirely  dis¬ 
appear,  an  accessory  thymus  lobe  results.  As  the  thymus  arises  from 
the  third  branchial  cleft,  the  same  cleft  as  the  lower  (in)  para¬ 
thyroid,  aberrant  fragments  of  parathyroid  tissue  may  be  carried 
down  with,  and  sometimes  embedded  in,  the  thymus.  It  becomes 
invaded  by  the  mesoderm,  lymphocytes  being  aggregated  in  follicles, 
and  the  original  epithelial  cells  form  the  reticular  cells  and  so 
Hassall’s  corpuscles.  This  origin  of  the  small  lymphocyte-like  cells 
has  been  much  debated;  Kolliker  (1817-1905)  in  1879,  Beard  (1899), 
Prymak  (1901),  Pappenheimer  (1910),  Dustin  (1927),  and  de  Wini¬ 
warter  (1933)  believed  that  the  epithelial  cells  became  transformed 
into  lymphocytes.  The  other  view,  that  the  mesodermal  lympho¬ 
cytes  migrated  into  the  epithelial  thymus,  was  held  by  His  (1880), 
Stieda  (1881),  Gulland  (1891),  Hammer  (1908),  Maximow  (1909), 
and  Jolly. 

HassalVs  Corpuscles.  In  1849  A.  H.  Hassall  figured  the  'compound 
cells  of  the  thymus’  which  bear  his  name.  Verneuil  (1823-95)  of 
Paris  in  1856  observed  the  'epidermic  globules’,  and  after  discussing 
whether  or  not  they  were  normally  present  decided  that  they  were. 
He  referred  to  his  friend  Charles  Robin  (1821-85),  but  not  to  Hassall. 
Hassall  and  Verneuil  both  relied  on  scrapings,  not  sections,  of  the 
thymus.  For  these  concentric  corpuscles,  as  Ecker  called  them, 
several  different  origins  have  been  ascribed.  Hassall  thought  that 
they  were  endogenously  derived  from  the  cells  of  the  thymus ;  Stieda 
(1881)  and  His  (1885)  believed  that  in  the  adult  thymus  they  are 
the  remains  of  the  embryonic  epithelium  of  the  gland ;  according  to 
Cornil  and  Ranvier  (1873),  Afanassiew  (1877),  and  Dustin  (1914) 
involutionary  changes  in  the  endothelium  of  the  vessels  are  their 
origin;  in  1914  Hammar  (1861-  )  showed  that  they  are  formed 

from  the  reticular  cells  and  so  are  descendants  of  the  original  epithe¬ 
lial  cells.  They  appear  in  the  second  month  of  foetal  life  (Hammar) 
and  their  number  at  birth  has  been  estimated  to  be  more  than  a 
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million  (Keith,  1933).  It  has,  however,  been  stated  that  they  do  not 
appear  till  birth  (Bonnamour,  Duplant,  and  Pichat,  1930).  They 
may  be  compound  as  well  as  single.  They  measure  on  an  average 
25  to  50  /x  in  diameter,  though  they  may  be  larger  or  smaller ;  if 
degenerated  and  cystic,  as  may  occur  normally,  they  may  have  a 
diameter  of  200  to  500  y.  Calcification  may  also  occur  without  any 
pathological  significance  (Hammar,  1921 )  and  even  in  the  newly  born. 
They  often  undergo  keratinization. 

Accessory  Thymus.  Separate  pieces  of  thymus  may  be  found 
embedded  in  the  thyroid  or  elsewhere  in  the  line  of  its  descent.  The 
frequency  of  accessory  lobes  of  the  thymus  in  the  newly  born  was 
described  by  Yanase  (1907).  Dudgeon  (1904),  however,  did  not 
observe  any  example  of  an  accessory  thymus. 

Arthur  Hill  Hassall  was  born  on  December  13,  1817,  at  Teddington, 
where  his  father,  previously  an  army  surgeon,  had  settled  in  practice, 
and  was  named  after  the  Lord  Arthur  Hill  of  that  day.  His  fife  was 
one  of  varied  but  somewhat  minor  incidents.  Educated  medically 
in  Dublin  as  an  apprentice  to  his  uncle  Sir  James  Murray,  he  did  some 
of  the  work  of  the  inspector  of  anatomy  there,  and  after  five  years 
obtained  the  qualifications  of  the  Royal  College  of  Surgeons  of  England 
in  1839  and  of  the  Society  of  Apothecaries  in  1841.  Keenly  interested 
as  a  student  in  natural  history,  he  brought  out  in  1845  A  History  of 
British  Freshwater  Algae.  Then  starting  practice  in  Addison  Road, 
London,  he  spent  three  years  working  at  human  microscopy  on 
material  obtained  from  the  post-mortem  room  of  St.  George’s  Hospital, 
where  he  became  acquainted  with  Henry  Gray  (1827-61) ;  the  results 
of  these  investigations  were  published  in  1849  under  the  title  The 
Microscopic  Anatomy  of  the  Human  Body  in  Health  and  Disease  in  two 
volumes,  the  second  of  which  contains  numerous  plates,  dedicated  to 
Thomas  Wakley  (1795-1862),  the  editor  of  the  Lancet.  Under  the 
wing  of  Wakley  he  then  took  up  the  subject  for  which  he  became  best 
known,  the  adulteration  of  food  and  drugs :  from  microscopic  examina¬ 
tion  of  2,500  samples  between  1850  and  1854  he  obtained  much 
information  which  appeared  in  the  pages  of  the  Lancet  from  1851  to 
1854  and  subsequently  in  book  form  (1857);  a  more  comprehensive 
work  of  890  pages  on  Food:  its  Adidteration  and  the  Methods  for 
their  Detection  appeared  in  1875.  In  1851  he  passed  the  M.B.  and 
M.D.  examinations  at  the  University  of  London,  and  became  a  mem¬ 
ber  in  1851,  but  never  a  fellow,  of  the  Royal  College  of  Physicians  of 
London,  and  about  1853  he  was  appointed  physician  to  the  Royal 
Free  Hospital.  Before  this  he  had  paid  much  attention  to  the  examina¬ 
tion  of  water,  and  in  1854  when  cholera  appeared  in  London  he  was 
appointed  one  of  the  medical  inspectors  under  the  General  Board  of 
Health.  He  had  had  pleurisy  in  1849,  and  in  1866  severe  haemoptysis 
obliged  him  to  give  up  residence  in  London,  where  he  had  reached 
Wimpole  Street,  and  to  live  for  ten  years  at  Ventnor.  There  he 
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founded  the  Royal  National  Hospital  for  Consumption  and  Diseases 
of  the  Chest  which  now  has  168  beds.  From  1877  he  spent  the  winters 
at  San  Remo,  and  wrote  two  books,  San  Remo  and  the  W estern  Riviera 
climatically  and  medically  considered  (1879),  and  San  Remo  climatically 
and  medically  considered  ( 1 883).  His  autobiography,  The  Narrative  of  a 
Busy  Life  (1893),  appeared  the  year  before  his  death  on  April  9,  1 894. 

Afanassiew,  B.,  Arch.  f.  milcr.  Anat.,  Bonn,  1877,  xiv.  343;  Beard,  J.,  Lancet , 
1899,  i.  144;  Bonnamour,  S.,  Duplant,  F.,  et  Pichat,  P.,  Bull,  assoc.  franQ. 
pour  V etude  du  cancer,  Paris,  1930,  xix.  785;  Dustin,  A.  P.,  Ann.  et  hull.  Soc. 
roy .  sc.  med.,  Brux.,  1914,  lxxii.  126 ;  idem,  Arch,  internat.  de  med.  exper.,  Liege, 
1927,  iii.  367 ;  Gulland,  G.  L.,  Rep.  Lcih.  Roy.  Coll.  Rhys.  Edin.,  1891,  iii.  157 ; 
Hammar,  J.  A.,  Arch.  f.  mikr.  Anat.,  Bonn,  1908,  lxxiii.  1 ;  idem,  Ztschr.f.  ang. 
Anat.  u.  Konst. -Lehre,  1914,  i.  181 ;  idem,  Endocrinol.,  Los  Angeles,  1921,  v.  543 ; 
Hassall,  A.  H.,  Microscopic  Anatomy  of  the  Human  Body,  Lond.,  1849,  i.  477  ; 
His,  W.,  Anatomie  menschlicher  Embry onen,  Leipz.,  1885,  Bd.  III.  163;  Keith, 
A.,  Human  Embryology  and  Morphology,  Lond.,  1933,  p.  295;  Kolliker,  A., 
Entwicklungsgeschichte  des  Menschen  und  der  hoheren  Tiere,  Leipz.,  1879 ;  Mall, 
F.  P.,  Arch.  f.  Anat.  u.  Entwcklngsgesch.,  Leipz.,  Anat.  Abth.,  1887,  i;  Marine, 
D.,  Special  Cytology  (E.  V.  Cowdry),  N.Y.,  1928,  i.  588;  Maximow,  A.,  Arch.f. 
mikr.  Anat.,  Bonn,  1909,  lxxiv.  525;  Pappenheimer,  A.  M.,  Journ.  Med.  Res., 
Boston,  1910,  xxii.  1 ;  Sabine,  F.  R.,  Franklin  Paine  Mall;  the  Study  of  a  Mind, 
Baltimore,  1934;  Stieda,  L.,  Untersuchungenuber  die  Entwickelung  der  Glandula 
Thymus,  Leipz.,  1881;  Verneuil,  A.  S.,  Compt.  rend.  Soc.  biol.,  Paris,  1856, 
2  s.,  iii.  4;  Winiwarter,  H.  de.  Arch,  de  biol.,  Paris,  1933,  xliv.  741 ;  Yanase, 
J.,  Wien.  klin.  Wchnschr.,  1907,  xx.  1157. 

Anatomy.  The  thymus  has  two  main  lobes  which  vary  in  their 
relative  size  ;  Astley  Cooper  (1832)  stated  that  the  left  was  the  larger. 
They  come  in  contact,  but  do  not  unite,  in  the  middle  line.  An  inter¬ 
mediate  lobe  is  often  present.  The  lobes  of  the  thymus  are  made  up 
of  a  large  number  of  small  follicles  which  were  described  in  1878  by 
H.  Watney  (1843-1932)  as  having  peripheral  (cortex)  and  central 
(medulla)  parts;  this  was  confirmed  in  the  following  year  by  E.  E. 
Klein  (1844-1925)  and  Noble  Smith.  Hewson  (1730-74)  examined 
the  thymus  with  a  Winch  lens  and  saw  the  lymphocytes.  The  cortex 
is  composed  of  lymphoid  tissue  resembling  that  of  Peyer’s  patches 
in  the  intestine ;  from  investigations  with  cytotoxic  sera  Pappen¬ 
heimer  (1917)  concluded  that  the  small  thymus  cells  are  biologi¬ 
cally  closely  related  to,  if  not  identical  with,  the  lymphocytes  of 
lymphatic  glands.  The  thymus  also  contains  granular  cells  described 
by  Watney  (1882)  and  probably  those  which  Schaffer  (1891)  found 
to  be  eosinophil  cells ;  the  cortex  does  not  contain  any  Hassall’s 
corpuscles.  The  medulla  contains  the  Hassall’s  corpuscles,  few 
lymphocytic  cells  relatively  to  the  cortex,  and  larger  cells — thymo¬ 
cytes — derived  from  the  original  epithelial  elements.  It  is  more 
vascular  than  the  cortex. 

Herbert  Watney,  born  in  1843,  was  the  son  of  James  Watney, 
M.P.,  of  Haling  Park,  Surrey,  a  member  of  the  well-known  firm  of 
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brewers.  Educated  at  Rugby,  Watney  went  up  to  St.  John’s  College, 
Cambridge,  where  he  rowed  three  years  in  the  university  boat,  and 
won  the  Colquhoun  sculls.  After  taking  his  arts  degree  in  1866  he 
entered  the  medical  school  of  St.  George’s  Hospital,  where  he  pro¬ 
ceeded  to  the  degrees  of  M.B.  (1870)  and  M.D.  (1876) ;  at  the  hospital 
he  worked  and  lectured  on  physiology  and  became  assistant  physician 
to  the  hospital  in  1877.  In  1883  he  was  elected  a  fellow  of  the  Royal 
College  of  Physicians  of  London  at  the  same  time  as  Clifford  Allbutt 
(1836-1925)  and  William  Osier  (1849-1919),  but  in  that  year  he 
retired  to  live  on  an  estate,  Buckholt  near  Pangbourne  in  Berkshire, 
which  carried  with  it  the  manors  of  Bradfield  and  Ashampstead,  where 
he  was  well  known  as  an  arboriculturist  .  He  was  much  interested  in 
foreign  missions,  and  of  his  five  children  his  second  son  and  two 
daughters  became  medical  missionaries  in  China.  He  died  in  May  1932. 

It  has  generally  been  believed  that  the  thymus  undergoes  involu¬ 
tion  during  childhood  so  as  to  become  a  mere  vestige  at  puberty. 
According  to  Galen  it  reached  its  largest  size  at  birth,  and  then 
underwent  involution;  Glisson  (1597-1677)  in  1654  stated  that  it 
persisted  for  a  considerable  time  after  birth.  Friedleben  (1858) 
showed  that  it  increased  after  birth.  It  is  a  very  labile  organ,  and 
rapidly  diminishes  in  size  as  the  result  of  disease  and,  as  has  been 
shown  experimentally,  of  chemical  poisons  (Worms  and  Klotz,  1934) , 
its  real  size  is  seen  only  in  cases  of  sudden  death  in  health,  and  these  are 
the  cases  in  which  it  is  commonly  regarded  as  enlarged.  Hammar 
(1906)  and  Tixier  and  Feldzer  (1910)  disputed  the  widespread  belief 
that  involution  began  at  about  2  years  of  age.  According  to  Hammar 
the  involution  does  not  begin  till  puberty  and  is  so  slow  that  some 
functional  parenchyma  is  left  even  in  old  age ;  at  birth  it  weighs 
13  grammes,  between  11  and  15  years  37  grammes,  between  16  and 
20  years  25  grammes,  and  so  on  until  between  46  and  55  years  it  again 
weighs  13  grammes.  From  examination  of  337  bodies  from  the  subjects 
of  disease  or  accident,  made  not  more  than  a  day  after  death,  under  16 
years  of  age,  Bratton  (1925)  found  that  the  thymus  rapidly  increased 
in  size  during  the  first  two  years  of  life,  then  underwent  little  change, 
though  with  a  tendency  to  diminish,  until  the  seventh  year,  when  it 
increased,  to  fall  slightly  after  the  age  of  11  years.  The  arterial  supply 
is  poor  and  chiefly  comes  from  the  internal  mammary  arteries. 

Bratton,  A.  B.,  Journ.  Path,  and  Bacteriol.,  Edin.,  1925,  xxviii.  609;  Cooper, 
A.  P.,  The  Anatomy  of  the  Thymus  Gland,  Bond.,  1832 ;  Dudgeon,  L.  S.,  7  rans. 
Path.  Soc.  Bond.,  1904,  lv.  151 ;  Friedleben,  A.,  quoted  by  Marine;  Glisson, 
F.,  Anatomia  Hepatis,  Lond.,  1654,  p.  443;  Hammar,  J.  A.,  Arch.  f.  Anat.  u. 
Physiol.,  Leipz.,  1907,  anat.  Abt.  xci,  suppl.  83  ;  idem,  Endocrinol.,  Los  Angeles, 
1921,  v.  543  ;  Hewson,  W.,  Experimental  Inquiry  into  the  Properties  of  the  Blood, 
Part  3,  52,  Lond.,  1771 ;  Klein,  E.  E.,  and  Smith,  E.  N.,  Atlas  of  Histology,  Part  9, 
1879  ;  Marine,  D.,  Special  Cytology  (E.  V .  Cowdry),  N.Y.,  1928,  i.  588  ;  Parpen - 
heimer,  A.  M.,  Journ.  Exper.  Med.,  N.Y.,  1917,  xxvi.  163;  Schaffer,  J., 
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Centralbl.f.  d.  med.  Wissensch.,  Berlin,  1891,  xxix.  401 ;  Tixier,  L.,  et  Feldzer, 
(Jom.pt.  rend.  Soc.  biol.,  Paris,  1910,  lxviii.  279;  Watney,  H.,  Proc.  Bop.  Soc. 
Lond.,  1878,  xxvii.  369;  1880-1,  xxxi.  326;  1881-2,  xxxiii.  11;  Worms,  G., 
et  Klotz,  H.  P.,  Ann.  d'anat.  path.,  Paris,  1934,  xi.  1. 

Physiology.  Galen  considered  that  the  functions  of  the  thymus 
were  (i)  to  protect  the  superior  vena  cava  from  pressure  exerted  by 
the  sternum,  and  (ii)  to  stay  and  support  the  vessel  and  its  branches. 
This  authoritative  opinion,  to  quote  Simon,  ‘prevailed  through  the 
silence  of  the  dark  ages’.  Another  mechanical  explanation  was  pro¬ 
posed  by  Bidloo  (1649-1713)  in  1706,  namely,  that  during  foetal  life 
the  thymus  occupied  the  space  in  the  chest  which  the  lungs  when 
expanded  after  birth  will  fill,  that  it  prevented  expansion  of  the 
lungs  until  the  proper  time,  and  that  it  obviated  ‘the  vacuum 
horrendum  of  some  physical  philosophers’.  This  was  accepted  by 
Lieutaud  (1703-80)  in  1742,  Senac  (1693-1770)  in  1749,  Malacarne 
(1744-1816),  and  J.  H.  Kopp  (1777-1858)  in  1830,  but  was  contested 
by  Astley  Cooper  in  1832.  As  late  as  1842  the  mechanical  theory  was 
supported  by  L.  Picci.  Thomas  Bartholinus,  in  1673,  regarded  the 
thymus  as  a  diverticulum  for  the  lymph,  and  J.  H.  Pozzi  (1697-1762), 
the  Italian  poet-physician,  stated  in  1732  that  the  thymus  contained 
muscular  fibres  which  by  contracting  carried  on  the  circulation  of 
lymph  in  a  way  analogous  to  the  heart  in  regard  to  the  blood,  and, 
like  W.  Cowper  (1666-1709)  in  1698,  described  a  communicating 
channel  between  the  thymus  and  the  thoracic  duct. 

A  slightly  metabolic  conception  was  put  forward  by  the  prolific 
J.  T.  Schenk  (1619-71)  of  Jena  in  1664  to  the  effect  that  the  chyle 
passed  through  the  thymus  and  thus  underwent  some  change.  This 
was  followed  by  what  Simon  called  ‘the  quaint  conceit’  of  Samuel 
Collins1  (1618-1710),  president  of  the  Royal  College  of  Physicians 
of  London  in  1695,  which,  however,  at  first  sight  seems  to  have  a 
very  faint  suggestion  of  the  secretion  of  active  principles,  such  as 
vagal  substance,  by  nervous  tissues  ;  Collins  wrote  in  1685,  ‘the  most 
noble  use  of  the  animal  liquor,  dropping  out  of  the  terminations  of 
the  nerves  into  the  substance  of  the  thymus,  is  to  contribute  its  mite 
to  the  gentle  fermentation  of  the  blood’. 

Francis  Glisson  in  1654  described  the  thymus  as  a  ‘glandula 
nutritia  ’  for  the  foetus  ;  this  was  adopted  by  Walter  Charleton  ( 1619— 
1707)  in  1659,  Dionis  {oh.  1718)  in  1716,  and  Bellinger,  but  was  soon 
forgotten.  In  1825  Caldani  concluded  that  the  food  brought  by  the 

1  In  the  seventeenth  century  there  were  two  other  prominent  medical  men 
called  Samuel  Collins;  one  (1619—70)  was  physician  to  the  Czar  for  nine  years 
and  author  of  a  posthumously  published  account  of  the  Russian  Court:  The 
Present  State  of  Russia.  The  other  ( 1617-85)  was  first  a  fellow  of  King’s  College, 
Cambridge,  then  a  fellow  of  New  College,  Oxford,  and  later  a  fellow,  registrar, 
and  holder  of  other  offices  at  the  Royal  College  of  Physicians  of  London. 
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umbilical  vein  was  conveyed  by  the  lymphatics  of  the  liver  to  the 
thymus,  and  that  after  birth  the  thymus  atrophied  as  its  function  had 
been  taken  over  by  the  mesenteric  glands.  In  1832  Astley  Cooper 
restated  Glisson’s  opinion  that  the  thymus  prepared  a  fluid  well 
fitted  for  foetal  growth  and  nourishment. 

William  Cowper  (1666-1709)  in  1698  wrote,  ‘it  is  a  lymphatick 
gland,  and  varies  its  magnitude  according  to  the  quantity  of  the 
lympha  that  is  necessarily  transmitted  thro’  it  from  the  superior 
parts’  (of  the  body).  William  Hewson  or  Hewatson  (1739-74)  in 
1773  regarded  the  thymus  as  an  appendage  to  the  lymphatic  glands 
and,  like  them,  manufacturing  the  colourless  corpuscles  which  pass 
by  the  thoracic  duct  into  the  circulation,  thus  eventually  reaching 
the  spleen,  where  they  become  transformed  into  red  blood  corpuscles. 
Astley  Cooper  could  not  agree  that  the  thymus  was  a  lymphatic 
gland.  Simon  in  1845  concluded  that  the  thymus  was  ‘a  sinking 
fund’  of  fuel  for  respiration,  a  view  somewhat  like  that  of  F.  Puteus 
(Pozzi),  the  fanatical  Galenist  and  scurrilous  opponent  of  Vesalius 
in  the  sixteenth  century,  who  considered  that  the  thymus  or  ‘  pulmo 
succenturiatus  ’  acted  as  lungs  during  foetal  life.  The  thymus  manu¬ 
factures  lymphocytes,  and  Beard  (1899)  laid  it  down  that  its  true 
function  was  to  be  the  parent  source  of  all  the  leucocytes  in  the  body. 
It  was  also  thought  to  play  a  part  in  the  formation  of  red  blood 
corpuscles  (Bischoff,  1842),  and  also  in  their  destruction  (Afanassiew, 
1877). 

Many  thymectomies  were  performed  by  Restelli  in  1845,  but  did 
not  justify  any  conclusions.  In  recent  times  the  question  whether 
or  not  the  thymus  has  an  internal  secretion  has  received  divergent 
answers.  Hoskins  (1922)  definitely  expressed  a  negative  conclusion. 
Friedleben  (1858)  found  that  in  dogs  the  thymus  was  not  essential 
to  life,  and  Noel  Paton  (1859-1928)  reached  the  same  conclusion  in 
1905  as  regards  guinea-pigs ;  but  the  use  of  the  latter  animals  has 
been  regarded  as  fallacious  because  it  is  difficult  or  impossible  to 
remove  all  the  accessory  thymus  tissue  in  close  contact  with  the 
parathyroids  (Park,  1917).  This  may  in  some  degree  account  for  the 
discordant  results  reported.  In  dogs  thymectomy,  carefully  con¬ 
trolled,  was  not  fatal  and  did  not  produce  any  definite  changes,  and 
it  has  been  thought  that  those  obtained  by  others  may  be  due  to 
environmental  factors,  or  to  the  operation  but  not  to  the  removal 
of  the  thymus  (Park  and  McClure,  1919).  Experimental  thymectomy, 
however,  has  been  stated  to  produce:  (i)  disturbance  of  calcium 
metabolism  and  changes  in  the  bones  resembling  those  of  rickets 
(Basch,  1906;  Klose  and  Vogt,  1910;  Matti,  1912;  Aschoff,  1913). 
Klose  and  Vogt  reported  a  subsequent  condition  of ‘  cachexia  thymo- 
priva’.  Entirely  negative  results  have  been  obtained  by  others, 
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especially  by  Park  and  McClure  (1919).  In  children  thymectomy 
has  not  produced  these  effects,  (ii)  Precocious  puberty:  from  the 
results  of  experimental  thymectomy  Paton  (1905)  concluded  that 
the  thymus  inhibited  the  growth  of  the  gonads  in  immature  but  not 
in  mature  animals  ;  statistical  examination  of  his  data  by  Yule  (1914) 
threw  serious  doubt  on  the  validity  of  this  conclusion.  Valtorta 
(1909),  Soli  (1909),  and  others  reported  diminution  in  the  size  of  the 
gonads,  but  absence  of  any  change  after  thymectomy  has  been 
recorded  by  Pappenheimer  (1914)  and  Andersen  (1932).  (iii)  Com¬ 
pensatory  hypertrophy  of  the  thyroid  after  thymectomy  was  de¬ 
scribed  by  Aschoff  (1913). 

Experimental  feeding  and  injections  of  thymus  gland  extracts 
have  frequently  been  reported,  and  in  the  past  with  little  result. 
Gudernatsch  (1914)  concluded  that  thymus  feeding  produced  growth 
without  any  differentiation  of  tissue,  and  in  1930  that  rats  thus  fed 
had  large  litters  and  were  long  lived.  Lereboullet  and  Gourney  (1932) 
found  that  growth,  sexual  activity,  and  descent  of  the  testes  were 
accelerated  by  thymus  medication.  Asher  (1930)  extracted  from  the 
thymus  a  protein-  and  lipoid-free  product — ‘  thymocrescin  ’ — which 
accelerated  growth  in  rats.  Rowntree,  Clark,  and  Hanson  (1934) 
employed  a  new  experimental  method,  namely  continuous  intra- 
peritoneal  injections  of  successive  generations  of  rats,  with  remark¬ 
able  results;  the  injection  of  a  thymus  extract  prepared  in  1930  by 
Hanson  produced  in  the  young  of  successive  generations  acceleration 
of  growth  and  of  adolescence,  but  not  gigantism;  there  is  thus  a 
difference  from  the  growth-promoting  or  ‘acromegalic  principle’  of 
the  anterior  pituitary.  The  fertility  rate  was  increased.  Rats  in  the 
third  generation  of  continuous  injection  showed  enlargement  of 
the  thymus  and  small  adrenals ;  thymectomy  caused  retardation  of 
growth  in  the  offspring,  but  this  could  be  prevented  by  injecting  the 
thymectomized  parents  with  the  thymus  extract.  Psychic  precocity 
was  as  striking  as  the  physical  (Rowntree,  Clark,  Hanson,  and  Stein¬ 
berg,  1935)  but  no  claim  is  made  for  this  effect  as  specific  or  due  to 
a  hormone.  Hanson  (1930)  believed  that  the  active  principle  came 
from  the  epithelial  and  not  from  the  lymphoid  cells  of  the  thymus. 

The  synthesis  of  nuclein  has  been  regarded  as  the  function  of  the 
thymus  (Dustin,  1908,  Klose  and  Vogt,  1910;  Bastemie,  1932). 
Hammar's  view  that  Hassall’s  corpuscles  exert  an  antitoxic  function 
was  contested  in  favour  of  a  phagocytic  action  by  Bastemie  (1932). 

The  thymus  has  been  regarded  as  essentially  a  lymph  reservoir  for 
the  thyroid  (Scott  Williamson  and  Pearse,  1930). 

Experimental  hypophysectomy  was  found  to  be  followed  by 
thymic  hyperplasia  by  Cushing  (1912)  who  considered  that  in  human 
hypopituitarism  the  thymus  persisted,  or  when  the  condition  began 
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in  adult  life  the  involuted  thymus  possibly  underwent  hyperplasia. 
Excision  of  the  adrenals  in  rabbits  not  only  prevented  thymic  involu¬ 
tion,  but  caused  hyperplasia  of  the  involuted  thymus  (Marine, 
Manley,  and  Baumann  (1924),  and  thymectomy  has  been  followed 
by  enlargement  of  the  adrenal  cortex. 

The  physiological  relation  between  the  gonads  and  the  thymus 
was  investigated  by  Calzolari  (1898)  who  found  that  the  thymus  was 
heavier  in  castrated  male  rabbits  than  in  controls.  Enlargement  of 
the  thymus  in  castrated  animals,  long  familiar  to  butchers,  was  con¬ 
firmed  by  Henderson  (1904)  and  by  Goodall  (1905) ;  the  same  condi¬ 
tion  has  been  observed  in  eunuchs  (Tandler  and  Gross).  On  the 
other  hand,  castration  or  spaying  of  young  animals  has  not  pre¬ 
vented  the  usual  involution  with  age  of  the  thymus  (Andersen,  1932). 

Afanassiew,  B.,  Arch.f.  mikr.  Anat.,  Bonn,  1877,  xiv.  343;  Andersen,  D.  H., 
Physiol.  Rev.,  Baltimore,  1932,  xii.  1;  Aschoff,  L.,  Internat.  Med.  Congress, 
Lond.,  1913,  Sect.  Ill,  Gen.  Path.,  part  2,  p.  131 ;  Asher,  L.,  Endokrinol.,  Leipz., 
1930,  vii.  321;  Bartholinus,  T.,  Anatome,  .  .  .  quartum  renovata,  Lugd.  Bat. 
1673  ;  Basch,  K.,  Jahrb.f.  Kinderh.,  1906,  lxiv.  289  ;  1908,  lxvii.  668 ;  Bastemie, 
P.,  Arch,  internat.  de  med.  exper.,  Liege,  1932,  vii.  273 ;  Beard,  J.,  Lancet,  1899, 
i.  144;  Bellinger,  F.,  Tractatus  de  foetu  nutrito,  Lond.,  1717;  Bidloo,  G.  B., 
vide  W.  H.  Muller,  Exercitatio  anatomica  de  Thymo,  Lugd.  Bat.,  1706 ;  Bischoff, 
Entwickelungsgeschichte  der  Sdugethiere  und  des  Menschen,  Leipz.,  1842;  Cal- 
dani,  F.,  Nuovi  elementi  di  anatomia,  Napoli,  1825;  Calzolari,  A.,  Arch.  ital. 
biol.,  Torino,  1898,  xxv.  71 ;  Charleton,  W.,  Exercitationes  physico-anatomicae 
de  oeconomia  animali,  Lond.,  1659;  Collins,  S.,  A  Systeme  of  Anatomy,  Lond., 
1685,  p.  699;  Cooper,  A.  P.,  Anatomy  of  the  Thymus  Gland,  Lond.,  1832; 
Cowper,  W.,  Anatomy  of  the  Humane  Body,  Oxford,  1698;  Cushing,  H.,  The 
Pituitary  Body  and  its  Disorders,  Phila.,  1912,  p.  282 ;  Dionis,  P.,  Danatomie  de 
Vhomme,  Paris,  1716;  Dustin,  A.  P.,  Journ.  de  med.  de  Brux.,  1898,  xiii.  414; 
Friedleben,  A.,  Die  Physiologie  der  ThymusdriXse,  Frankfurt,  1858;  Glisson, 
F.,  Anatomia  Hepatis,  Lond.,  1654,  p.  443;  Goodall,  A.,  Journ.  Physiol., 
Lond.,  1905,  xxxii.  191 ;  Gudernatsch,  J.  F.,  Am.  Journ.  Anat.,  Phila.,  1913- 
14,  xv.  431 ;  idem,  Handbuch  der  inneren  Sekretion  (Max  Hirsch),  1930 ;  Hanson, 
A.  M.,  Minnesota  Mecl.,  1930,  xiii.  17 ;  Henderson,  J.,  Journ.  Physiol.,  Lond., 
1904,  xxxi.  221;  Hewson,  W.,  Phil.  Trans.  Roy.  Soc.  Bond.,  1773,  lxiii.  303; 
Hoskins,  B.G.,  Endocrinology  and  Metabolism  (Barker  ),N.Y.,  1922,  ii.  371  ;Klose, 
H.,  und  Vogt,  H.,  Beitr.  z.  klin.  Chir.,  Tubingen,  1910,  lxix.  1 ;  Lereboullet, 
P.,  et  Gourney,  J.  J.,  Bidl.  Acad,  med.,  Paris,  1932,  cviii.  1297;  Lieutaud, 
J.,  Essais  anatomiques,  Paris,  1742  ;  Marine,  D.,  Manley,  O.  T.,  and  Baumann, 
E.  J.,  Journ.  Exper.  Med.,  1924,  xl.  429;  Matti,  H.,  Mitteil.  a.  d.  Grenzgeb.  d. 
Med.  u.  Chir.,  Jena,  1912,  xxiv.  665;  Pappenheimer,  A.  M.,  Journ.  Exper. 
Med.,  N.Y.,  1914,  xix.  319;  Park,  E.  A.,  ibid.,  1917,  xxv.  129;  Park,  E.  A., 
and  McClure,  B.  D.,  Am.  Journ.  Dis.  Child.,  Chicago,  1919,  xviii.  317 ;  Paton, 
D.  N.,  Journ.  Physiol.,  Lond.,  1905,  xxxii.  28;  Picci,  L.,  Ann.  univ.  dimed., 
Brescia,  1842,  cvii.  593  ;  Pozzi,  J.  H.,  Commerciolum  epistolicum,  D.  Petro  Paulo 
Molinetto,  Bologna,  1732;  PutEus,  F.,  Apologia  in  anatome  pro  Galeno,  contra 
Andream  Vesalium,  Venet.,  1562;  Restelli,  D.  A.,  De  Thymo  Observationes 
anatomico-physiologico-pathologicae,  Ticini  Regii,  ex  typogr.  Fusi  et  Soci,  1845  ; 
Roussy,  G.,  et  Mosinger,  M.,  Ann.  de  med.,  Paris,  1933,  p.  301;  Rowntree, 
L.  G.,  Clark,  J.  H.,  and  Hanson,  A.  M.,  Trans.  Assoc.  Am.  Phys.,  Phila.,  1934, 
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xlix.  252;  also  Journ.  Am.  Med.  Assoc.,  Chicago,  1934,  ciii.  1425;  Rowntree, 
L.  G.,  Clark,  J.  H.,  Hanson,  A.  M.,  and  Steinberg,  A.,  Arch.  Int.  Med., 
Chicago,  1935,  lvi.  1  ;  Schenk,  J.  T.,  Schola  partium  humani  corporis,  Jenae, 
1664,  p.  127,  quoted  by  Simon;  Senac,  J.  B.,  Traite  de  la  structure  du  cceur, 
Paris,  1749,  ii.  687 ;  Simon,  J.,  The  Thymus  Gland;  a  Physiological  Essay, 
Lond.,  1845;  Soli,  U.,  Arch.  ital.  biol.,  Torino,  1909,  lii.  353;  Valtorta,  F., 
Ann.  di  ostet.,  1909,  xxxi.  63;  Williamson,  G.  S.,  and  Pearse,  I.  H.,  Brit. 
Journ.  Surg.,  Bristol,  1930,  xvii.  528,  529;  Yule,  G.  U.,  Proc.  Roy.Soc.,  B, 
1914,  lxxxviii.  86. 

Tumours  of  the  Thymus 

Innocent  Tumours.  These  are  extremely  rare.  Cysts  of  a  de¬ 
generative  character,  described  by  Chiari  (1894),  may  be  one  explana¬ 
tion  of  the  abscesses  in  congenital  syphilis  described  in  1850  by 
Dubois  (vide  p.  448).  Cysts  of  other  kinds  have  been  recorded  ;  some 
have  been  lined  by  ciliated  or  by  columnar  epithelium  (Soupault, 
1897).  They  have  been  regarded  as  derived  from  either  the  thymus 
epithelium  or  from  displaced  fragments  of  the  trachea. 

Fridjohn  (1934)  reported  a  cyst  the  size  of  a  walnut  and  containing 

thick  glairy  fluid  in  a  new-born  infant. 

Teratomas  have  been  described,  and  may  or  may  not  undergo 
malignant  change. 

Malignant  Growths.  Early  records  of  cases  are  those  by  Bris- 
towe  (1827-95)  in  1854  and  Cayley  (1836-1916)  in  1868.  A  good 
historical  review  was  given  in  1879  by  Hahn  and  Thomas,  two 
medical  librarians  in  Paris. 

Primary  tumours  are  rare.  Rubaschow  (1911)  collected  69  cases, 
chiefly  under  the  name  of  lymphosarcoma.  Among  17,000  necropsies 
there  were  25,  or  0T4  per  cent.,  cases  (Symmers,  1932). 

The  nomenclature  and  classification  are  confusing  and  contra¬ 
dictory.  The  title  ‘thymoma5,  like  that  of  ‘hypernephroma’,  is 
non-committal,  merely  indicates  its  origin,  but  has  been  employed 
both  by  Grandhomme  ( 1 900 ) ,  who  introduced  it ,  and  by  Ewing  (1916), 
as  a  synonym  for  thymic  lymphosarcoma.  In  1890  Letulle  (1853- 
1929)  stated  that  the  embryology  of  the  thymus  completely  explained 
the  various  primary  tumours  of  the  thymus,  such  as  connective- 
tissue  growths  (sarcoma)  and  epithelial  tumours  (spheroidal-  and 
squamous- celled  carcinoma),  and  described  8  cases  of  the  various 
forms ;  this  was  rather  premature  and  even  now  has  not  been  uni¬ 
versally  accepted.  Margolis  in  1931,  believing  that  the  origin  of  the 
small  thymus  cells  was  still  open  to  debate — whether  derived  from 
mesoblast  or  from  the  entoderm — considered  it  impossible  to  classify 
the  tumours  as  sarcoma  and  carcinoma,  and  preferred  to  use  the 
non-committal  term  thymoma.  Malignant  thymic  tumours  have  on 
the  one  hand  been  regarded  as  sarcomas,  especially  by  German 
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pathologists,  and  on  the  other  hand  as  carcinomas,  mainly  by  the 
French  school  (Letulle,  1890;  Paviot  and  Gerest,  1896;  Thiroloix 
and  Debre,  1907  ;  Achard  and  Paisseau,  1908).  But  recently  cases 
of  carcinoma  have  been  recorded  by  British  writers  (Duguid  and 
Kennedy,  1930;  Leyton,  Turnbull,  and  Bratton,  1931;  McDonald, 
1932). 

Sarcoma  has  been  described  as  arising  from  the  fibrous  tissue  of 
the  thymus,  lymphosarcoma  from  the  lymphocytic  tissue,  peri¬ 
thelioma  from  the  blood-vessels  (Symmers,  1932),  and  carcinoma 
from  the  reticulum  cells  and  Hassall’s  corpuscles,  the  last  under  the 
names  of  reticulum- cell  carcinoma  (McDonald,  1932),  reticuloma, 
thymocytic  carcinoma  (Bonnamour,  Duplant,  and  Pichat,  1930),  or 
Hassall's  thymoblastoma  (Cornil,  Olmer,  and  Alliez,  1932). 

A  squamous-celled  carcinoma  was  described  by  Thiroloix  and 

Debre  (1907) ;  in  Achard  and  Paisseau’s  case  a  thymic  carcinoma  was 

thought  to  have  arisen  from  inclusion  of  thymus  tissue  in  the  thyroid. 

The  Clinical  Picture.  Usually  it  is  that  of  a  tumour  in  the 
anterior  mediastinum  with  dyspnoea  and  venous  obstruction  from 
pressure  on  the  trachea  and  veins.  Secondary  invasion  of  the  glands 
in  the  neck  often  occurs. 

Myasthenia  gravis  has  been  reported  in  a  number  of  cases.  Among 
45  cases  of  myasthenia  gravis  one-fifth  showed  some  abnormality, 
such  as  enlargement  or  tumour  (Mandlebaum  and  Celler,  1909). 

In  exceptional  instances  a  multi-glandular  syndrome  has  been 
present;  Leyton,  Turnbull,  and  Bratton  (1931),  in  reporting  2  cases 
of  primary  carcinoma  in  males,  compared  the  symptoms  with  those 
of  the  diabetes  of  bearded  women  described  by  Achard  and  Thiers 
(1921). 

Treatment.  X-rays  have  been  much  employed;  these  thymic 
tumours  are  more  radio-sensitive  than  radio-resistant,  and  high 
voltage  X-rays  or  radium  packs  have  been  recommended  (Claver, 
1930). 

Secondary  growths  in  the  anterior  mediastinum  may  give  rise  to 
difficulty  in  deciding  whether  they  occur  in  the  remains  of  the  thymus 
or  in  lymphatic  glands. 

Innocent  Tumours. 

Fridjohn,  M.  H.,  Brit.  Med.  Journ.,  1934,  ii.  553;  Soupault,  M.,  Bull.  Soc. 
anat.,  Paris,  1897,  lxxii.  592. 

Malignant  Tumours. 

Achard,  C.,  et  Paisseau,  G.,  Arch,  de  rned.  exper.  et  de  d'anat.  path.,  Paris,  1908, 
xx.  78 ;  Achard,  C.,  et  Thiers,  Bull.  Acad,  de  med.,  Paris,  1921,  3  s.,  lxxxvi.  51 ; 
Bonnamour,  S.,  Duplant,  F.,  et  Pichat,  P.,  Bull,  assoc,  /rang,  pour  V etude  du 
cancer,  Paris,  1930,  xix.  785;  Bristowe,  J.  S.,  Trans.  Path.  Soc.  Bond.,  1854, 
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v.  185 ;  Cayley,  W.,  ibid.,  1868,  xix.  53 ;  Claver,  L.  F.,  Med.  Clinics  N.  Amer., 
1930,  xiv.  507 ;  Cornil,  L.,  Olmer,  J.,  et  Alliez,  J.,  Bull,  assoc.  franQ.  pour 
V etude  du  cancer,  Paris,  1932,  xxi.  693;  Cooper,  A.  P.,  Anatomy  of  the  Thymus 
Gland,  Lond.,  1832;  Duguid,  J.  B.,  and  Kennedy,  A.  M.,  Journ.  Path,  and 
Bacteriol.,  Edin.,  1930,  xxxiii.  93;  Ewing,  J.,  Surg.,  Gyn.,  and  Obst.,  Chicago, 
1916,  xxii.  461 ;  idem.  Neoplastic  Diseases,  Phila.,  1928,  p.  966;  Grandhomme, 
F.,  Liber  Tumoren  des  vorderen  Mediastinums,  Darmstadt,  1900;  Hahn,  L.,  et 
Thomas,  L.,  Arch.  gen.  de  med.,  Paris,  1879,  7  s.,  iii.  523;  Letulle,  M.,  ibid., 
1890,  clxvi.  641 ;  Leyton,  O.,  Turnbull,  H.  M.,  and  Bratton,  A.  B.,  Journ. 
Path,  and  Bacteriol.,  Edin.,  1931,  xxxiv.  635;  McDonald,  S.,  jun.,  ibid.,  1932, 
xxxv.  1 ;  Mandlebaum,  F.  S.,  and  Celler,  H.  L.,  Proc.  New  York  Path.  Soc., 
1908-9,  viii.  88;  Margolis,  H.  M.,  Am.  Journ.  Cancer  (Suppl.),  1931,  p.  2106; 
Paviot,  J.,  et  Gerest,  Arch,  de  med.  exper.  et  d'anat.  path.,  Paris,  1896,  viii. 
606 ;  Rubaschow,  S.,  Virchows  Arch.,  1911,  ccvi.  141 ;  Symmers,  D.,  Ann.  Surg., 
Phila.,  1932,  xcv.  544;  Thiroloix,  J.,  et  Debre,  R.,  Arch.  med.  exper.  et  dlanat. 
path.,  Paris,  1907,  xix.  668. 

Thymic  Death 

History.  Felix  Platter  (1536-1614)  of  Bale  in  1614  recorded 
fatal  stridor  and  dyspnoea  in  a  male  infant  aged  5  months.  Christian 
Yater  (1651-1732),  father  of  the  more  famous  Abraham  and  also  a 
professor  at  Wittenberg,  described  a  case,  probably  in  1684,  of  fatal 
dyspnoea  in  a  patient  with  an  enlarged  thymus  infiltrated  with 
calcareous  material.  Laryngismus  stridulus  and  thymic  asthma  were 
described  as  apparently  the  same  condition  by  John  Millar  (1733- 
1805)  in  1769,  by  Benjamin  Rush  (1745-1813)  of  Philadelphia  in 
1770,  and  by  James  Hamilton  (ob.  1839),  the  younger,  in  1809.  Kopp 
(1777-1858)  in  1830  definitely  ascribed  the  symptoms  to  the 
mechanical  pressure  of  an  enlarged  thymus. 

The  eponyms  'Millar’s  asthma’  and  ‘Kopp’s  asthma’  were  used 
for  laryngismus  stridulus,  a  condition  perhaps  described  by  Nicholas 
Culpeper  (1616-54).  Alexander  Hood  (1827)  wrote  on  what  may 
have  been  a  different  condition,  namely,  cases  of  sudden  death  and 
affections  of  the  head  arising  from  diseases  of  the  thymus  and  the 
chest.  In  1852  Bednar  contested  the  opinion  that  the  thymus  had 
anything  to  do  with  the  attacks  of  dyspnoea,  and  in  1858  Friedleben 
(1819-78)  emphatically  denied  that  an  enlarged  thymus  could 
mechanically  obstruct  the  circulation  or  interfere  with  respiration. 

Y  on  Sury  (1908)  insisted  on  the  presence  of  capillary  bronchitis  in 
children  dying  suddenly  in  apparent  health,  and  McNeil  (1914) 
ascribed  such  deaths  in  infants  to  fulminant  bronchitis,  broncho¬ 
pneumonia,  or  gastro -enteritis,  adding  that  these  infections  were 
fulminant  as  the  result  of  an  abnormal  constitution,  one  of  the  charac¬ 
teristics  of  which  is  thymo -lymphatic  hyperplasia. 

Clinical  Picture.  The  features  of  thymic  asthma  have  been 
described  as  characterized  by  attacks  of  inspiratory  dyspnoea  and 
by  the  sign,  introduced  by  Rehn  (1847-1930)  in  1906,  of  the  appear- 
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ance  of  a  tumour  on  expiration  in  the  position  of  the  cranial  end  of 
the  thymus.  The  dyspnoea  may  be  preceded  by  stridor.  A  fatal 
result  has  been  frequent  in  the  past ;  but  should  be  less  so  if  X-ray 
exposures  of  the  thymus  are  adopted  early.  That  enlargement  and 
tumours  of  the  thymus  may  cause  grave  dyspnoea  can  hardly  be 
doubted ;  but  a  distinction  should  if  possible  be  drawn  between  these 
cases  and  those  in  which  sudden  inexplicable  death  without  previous 
dyspnoea  is  ascribed  to  a  status  thymico-lymphaticus. 

Status  Thymico-lymphaticus,  Lymphatism,  Status  Thymi- 
cus.  Richard  Bright  (1789-1858)  is  stated  to  have  given  the  first 
account  of  this  condition  in  1838,  but  this  pious  claim  appears  from 
examination  of  the  record  of  the  case  to  be  doubtful.  A.  Paltauf 
(1860-93)  who,  like  Friedleben,  doubted  any  mechanical  effect  from 
an  enlarged  thymus,  in  1889  described  widespread  hyperplasia  of 
the  lymphoid  tissues,  in  which  the  thymus  shared,  as  a  general 
constitutional  state  which  disposed  to  sudden  death  from  quite 
inadequate  causes,  such  as  minor  operations,  removal  of  tonsils  and 
adenoids,  and  even  the  hypodermic  injection  of  diphtheria  antitoxin 
as  in  the  tragic  case  of  Dr.  R.  Langerhans’s  (1851-1905)  son  in  1896. 
Neusser  (1852-1912)  confirmed  this  in  1911,  and  Haven  Emerson  in 
1913  described  the  clinical  characters  in  adults.  By  diminishing 
resistance  it  was  thought  to  favour  infections.  According  to  Marine 
(1926)  it  is  a  constitutional,  usually  congenital,  state  depending  on 
inadequacy  of  some  function  of  the  adrenals,  the  gonads,  and  endo¬ 
crine  glands,  and  is  thought  to  be  a  nutritional  deficiency  which 
tends  to  undergo  spontaneous  cure.  Hypoplasia  of  the  cardiovascular 
system  has  also  been  described.  The  thymus  is  usually  enlarged  with 
increase  in  the  number  and  size  of  Hassall’s  corpuscles,  hypoplastic 
arteries,  changes  in  the  thyroid  resembling  those  of  Graves’s  disease, 
hypoplasia  of  the  adrenal  cortex,  and  lymphocytosis.  Symmers  (1918) 
laid  stress  on  the  presence  of  necrotic  foci  in  the  lymphoid  tissues  ; 
this,  from  absorption  of  nucleo-protein,  induces  sensitization,  so 
that  further  liberation  of  nucleo-protein  precipitates  anaphylactic 
shock;  he  described  as  the  ‘recessive’  the  condition  of  atrophy 
following  the  early  enlargement  of  the  lymphoid  tissues. 

A  distinction  was  drawn  between  the  status  thymicus  and  the  status 
lymphaticus  by  Hedinger  (1908)  as  regards  the  condition  of  the 
adrenals :  in  status  thymicus  the  adrenal  cortex  was  hyperplastic  and 
the  medulla  normal,  whereas  in  status  lymphaticus  the  cortex  was 
little  changed  and  the  medulla  degenerated  or  atrophied.  Wiesel 
(1911)  found  the  chromaffin  system  hypoplastic  in  fatal  status  lympha¬ 
ticus.  In  experimental  adrenal  inadequacy  of  long  standing  Crowe 
and  Wislocki  (1914)  found  enlargement  of  the  retroperitoneal  glands 
and  not  infrequently  hyperplasia  of  the  thymus. 
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On  the  other  hand,  the  existence  of  the  status  thymico-lymphaticus 
has  been  pathologically  and  statistically  denied  by  Hart  (1923), 
Hammar  (1921,  1929),  Greenwood  and  Woods  (1927),  Greenwood 
(1930),  and  Young  and  Turnbull  (1931),  on  extremely  ample  and 
critical  analysis.  Hammar  (1917),  after  analysis  of  the  microscopical 
appearances  in  24  cases  of  so-called  thymic  death,  concluded  that 
the  thymus  was  in  no  way  responsible,  and  that  the  cause  of  the 
sudden  death  must  be  sought  elsewhere,  probably  in  the  endocrine 
glands. 

Bright,  R.,  Guy's  Hosp.  Rep.,  Lond.,  1838,  iii.  401 ;  Crowe,  S.  J.,  and  Wislocki, 
G.  B.,  Bull.  Johns  Hopkins  Hosp.,  Baltimore,  1914,  xxv.  287;  Emerson,  H., 
XVIIth  Internat.  Congr.  Med-.,  Lond.,  1913,  Sect.  Med.,  part  2,  p.  165;  Fried- 
leben,  A.,  Die  Physiologie  der  Thymusdruse,  Frankfurt,  1858 ;  Greenwood,  M., 
Journ.  Hyg.,  Cambridge,  1930,  xxx.  403;  Greenwood,  M.,  and  Woods,  H.  M., 
ibid.,  1927,  xxvi.  305;  Hamilton,  J.,  Hints  Jot  the  Treatment  of  the  Principal 
Diseases  of  Children,  Edin.,  1809;  Hammar,  J.  A.,  Ztschr.  f.  Kinderh.,  Berlin, 
1917,  xv.  225;  idem,  Endocrinol.,  Los  Angeles,  1921,  v.  731;  idem,  Die  Men- 
schenthymus  in  Gesundheit  und  Krankheit,  Leipz.,  1929;  Hart,  C.,  Die  Lehre 
vom  Status  Thymicus-Lymphaticus,  Miinchen,  1923;  Hedinger,  E.,  V erhandl. 
d.  deutschen  path.  Gesellsch.,  Jena,  1908,  xi.  29 ;  Hood,  A.,  Edin.  Journ.  Med.  Sc., 
1827,  iii.  36;  Kopp,  J.  H.,  Denkwurdigkeiten  in  der  drztlichen  Praxis,  Frankfurt 
a.-M.,  1830;  McNeil,  C.,  Brit.  Med.  Journ.,  1914,  ii.  576;  Marine,  D.,  Arch. 
Path.,  Chicago,  1926,  i.  175;  Millar,  J.,  Observations  on  the  Asthma  and  the 
Hooping  Cough,  Lond.,  1769;  Paltaue,  A.,  Wien.  klin.  Wchnschr .,  1889,  ii.  877 ; 
1890,  iii.  172;  Platter,  F.,  Observationum  in  Hominis  affectibus,  dec.,  Basil., 
1641,  lib.  I.  184;  Rehn,  L.,  V erhandl.  d.  Gesellsch.  f.  Chir.,  Berlin,  1906,  xxxv. 
360 ;  Sury,  K.  von,  V rtljschr .  f .  d.  ges.  Med.,  Berlin,  1908,  xxxvi.  88 ;  Symmers, 
D.,  Am.  Journ.  Med.  Sc.,  Phila.,  1918,  clvi.  40 ;  Vater,  C.,  quoted  by  Morgagni, 
The  Seats  and  Causes  of  Disease,  translated  by  W.  Cooke,  Lond.,  1822,  i.  251 ; 
idem,  Dissertatio  de  Dyspnoea,  Wittenberg,  1684 ;  Wiesel,  J.,  Ergebnisse  d.  allg. 
Path.,  Wiesb.,  1911,  xv.  416;  Young,  M.,  and  Turnbull,  H.  M.,  Journ.  Path, 
and  Bacteriol.,  Edin.,  1931,  xxxiv.  213. 


Other  Morbid  Conditions  of  the  Thymus 

Kokitansky  (1804-78),  in  the  middle  of  the  last  century,  stated  that 
diseases  of  the  thymus  are  even  rarer  than  those  of  the  thyroid. 

Congenital  absence  may  occur  in  anencephalous  monsters,  and 
has  in  a  few  instances  been  reported  in  infants  without  any  correlated 
symptoms;  absence  in  a  still-born  infant  was  recorded  by  Bischoff 
(1842). 

Congenital  Syphilis.  P.  A.  Dubois  (1795-1871)  in  1850  de¬ 
scribed  multiple  small  abscesses  which  Lancereaux  (1829-1910)  in 
1869  suggested  were  softened  gummata.  These  ‘Dubois’  abscesses’ 
have  long  been  regarded  (Chiari,  1851-1916,  in  1894)  as  the  result  of 
liquefaction  of  Hassall’s  corpuscles,  as  have  smaller  areas  with  clear 
contents  or  ‘Bednar  cysts’.  Warthin  (1866-1931),  who  believed  that 
most  of  the  supposed  lesions  of  congenital  syphilis  are  the  normal 
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involution  of  the  thymus,  found  the  Treponema  pallidum  in  large 
numbers  in  syphilis,  and  recognized  the  occurrence  of  softened 
caseous  gummata  as  'Dubois’  abscesses’.  Parrot  (1839-83)  did  not 
recognize  any  syphilitic  lesions  of  the  thymus ;  Valat  (1888)  recorded 
a  gumma  in  the  thymus  and  lung  of  a  new-born  infant;  Cornil 
confirmed  this  description. 

Acute  inflammation  is  rare.  It  has  been  reported  in  pyaemia 
and  in  Ludwig’s  angina.  Dudgeon  (1904)  recorded  an  abscess  due 
to  pneumococcal  infection. 

Tuberculosis.  Primary  infection  is  very  rare;  Demme  (1885) 
reported  a  case;  caseous  tuberculosis  of  the  adjacent  tracheo¬ 
bronchial  glands  may  be  confused  with  it.  Caseous  tuberculous 
lesions  of  considerable  size  were  recorded  by  Dudgeon  (1904),  and 
by  Tixier  and  Feldzer  (1909)  who  also  reported  multiple  tuberculous 
abscesses,  miliary  tubercles,  as  in  the  rest  of  the  body,  in  generalized 
tuberculosis,  and  quoted  cases  of  a  hard  fibrotic  condition  of  the 
thymus  in  pulmonary  tuberculosis  recorded  by  T.  Budaeus  (1664- 
1734)  in  1712  and  by  Vendries  in  1791. 

Haemorrhages  due  to  various  causes  occur,  from  dyspnoea,  in 
acute  infections,  and  in  the  new-born.  Under  the  title  apoplexy  of 
the  thymus  Friedleben  (1858)  described  haemorrhagic  cysts  in  the 
syphilitic  new-born ;  these  are  extensive  and  quite  different  from  the 
petechiae  due  to  acute  infections  in  the  new-born  or  soon  after  birth 
(Wahl  and  Walthall,  1922).  Diffuse  haematomas  may  also  occur  in 
older  children  in  acute  infections. 

Leukaemia.  In  acute  forms  the  thymus  may  be  so  large  as  to 
suggest  a  primary  new  growth.  To  cases  of  leukaemic  tumour  in 
which  the  constituent  cells  escape  into  the  blood  and  thus,  like 
chloroma,  belong  to  the  group  of  leukaemia  of  a  sarcomatous  charac¬ 
ter,  Sternberg  (1905)  applied  the  names  leuco-sarcoma  and  leuco- 
sarcomatosis.  Major  (1918)  and  Parkes  Weber  (1919)  reported  and 
collected  cases  of  this  mediastinal  leuco-sarcomatosis. 

In  mumps  inflammatory  swelling  of  the  thymus  has  been  reported. 

* 

Sailer  (1919)  recorded  6  cases  with  oedematous  swelling  and  dullness 

over  the  sternum,  dyspnoea  and  X-ray  evidence  of  enlargement  of 

the  thymus.  Esquivel  (1930)  also  pointed  this  out. 

Myasthenia  Gravis.  Enlargement  of  the  thymus  has  been  found 
to  be  present  in  a  number  of  cases  at  necropsy  (Mandlebaum  and 
Celler,  1908) ;  and  in  some  this  was  due  to  a  lymphosarcoma,  endo¬ 
thelioma  (Mandlebaum  and  Celler),  or  carcinoma  (Claude,  Gery,  and 
Porak,  1914). 

Rokitansky,  C.,  Handbook  of  pathological  Anatomy,  transl.  Sydenham  Soc., 
1852,  iv.  127. 
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PINEAL  BODY 

Nomenclature.  The  pineal  body  was  known  to  the  Greeks  and 
to  Galen  as  the  Kwvapiov  (diminutive  of  kwvos  =  a  pine-cone)  or 
conarium  from  its  conical  shape,  and  was  also  called  turbo  (a  whorl) 
and  the  glandula  turbinata.  It  received  its  present  name  in  1664 
from  Thomas  Willis  (1621-75)  for  much  the  same  reason  as  conarium 
(pineus  =  of  the  pine-cone).  The  following  is  taken  from  the  anony¬ 
mous  first  edition  of  Thomas  Gibson’s  Anatomy  of  Humane  Bodies 
epitomized  (1682):  'The  glandula  pinealis,  or  penis,  because  it  repre- 
senteth  the  pine-nut  of  a  man’s  yard.  It  is  seated  in  the  beginning 
of  that  pipe  by  which  the  third  and  fourth  ventricles  are  united.’ 
This  method  of  nomenclature  is  on  the  same  lines  as  that  still  remem¬ 
bered  of  the  nates  and  testes  for  the  corpora  quadrigemina  or  optic 
lobes.  The  pineal  body  has  also  been  called  the  penis  cerebri,  virga 
cerebri,  and  epiphysis  cerebri  and  the  glandula  superior  (Stensen, 
1669)  to  correspond  with  the  hypophysis  or  glandula  inferior. 

The  pineal  body  was  also  described  by  Giacomo  Berengario  de 
Carpi  (1470-1550)  in  his  Commentary  on  Mundino  (1521).  Thomas 
Wharton  (1614-73)  gave  a  long  account  of  the  gland  in  1656,  and 
quoted  Riolan’s  view  that  it  acted  as  a  valve  between  the  third  and 
fourth  ventricles. 

Early  Ideas  about  its  Physiology.  The  function  of  the  pineal 
body  has  caused  much  speculation.  According  to  Galen  it  was  a 
secreting  gland ;  later  it  was  thought  to  control  the  flow  of  cerebro¬ 
spinal  fluid.  Thomas  Willis  regarded  it  as  collecting  the  cerebrospinal 
fluid,  for  in  1664  he  said  that  its  function  was  to  'receive  and  retain 
within  it  the  serous  humours  deposited  from  the  arterious  blood’. 
In  what  was  the  best  book  on  human  anatomy  of  its  time,  but  which 
aroused  an  acrimonious  conflict  with  G.  Biclloo  (1649-73)  of  Leyden 
on  account  of  the  utilization  of  beautiful  plates  taken  from  this  Dutch 
source,  William  Cowper  (1666-1709),  the  describer  of  Cowper’s  ducts 
in  the  urethra,  wrote  in  1698,  'the  glandula  pinialis,  which  we  take 
to  be  a  lymphatick  gland,  receiving  lympha  from  the  lymphe- ducts 
which  pass  the  third  ventricle  of  the  brain  to  the  infundibulum  and 
glandula  pituitaria  ’ ;  he  thus  reproduced  the  views  of  Humphrey 
Ridley  (1653-1708)  expressed  in  his  Anatomy  of  the  Brain  (1695), 
for  which  Cowper  drew  the  figures.  The  belief  that  the  pineal  was 
in  some  way  connected  with  the  circulation  of  the  cerebrospinal  fluid 
had  a  very  long  life  ;  Magendie  (1783-1855)  held  it,  and  as  late  as  1907 
de  Cyon  regarded  the  function  of  the  pineal  as  purely  mechanical, 


452 


PINEAL  BODY 


namely,  to  regulate  the  flow  of  cerebrospinal  fluid  through  the 
Sylvian  aqueduct. 

Rene  Descartes  (1596-1650)  was  the  author  of  a  work  on  physio¬ 
logy,  De  Homine,figuris  et  Latinitate  donatus  a  Florentio  Schuyl ,  1662, 
in  which  mechanism  first  appears  unmistakably  in  its  modern  form. 
Though  this  is  sometimes  described  as  the  earliest  physiological  text¬ 
book  in  Europe,  Walter  Charleton  (1619-1707),  President  of  the 
Royal  College  of  Physicians  of  London  1689-91,  anticipated  him  in 
this  respect  by  his  Exercitationes  physico-anatomicae  de  oeconomia 
animali  (1659).  Descartes  regarded  the  human  body  as  an  earthly 
machine  presided  over  by  the  ‘rational  soul’  which  occupied  the 
pineal  gland,  ‘the  little  gland  in  the  middle  of  the  substance  of  the 
brain’,  of  which  he  gave  diagrams  in  his  De  Homine.  As  Leonard 
Guthrie  (1858-1918)  remarked,  ‘there  was  no  particular  reason  for 
placing  the  soul  in  the  pineal  gland  except  that  it  happened  to  be  a 
single  or  unpaired  organ’,  an  anatomical  qualification  also  shared  by 
the  pituitary  as  well  as  the  liver  and  heart  which  had  previously  been 
awarded  this  distinction.  It,  however,  had  the  attraction  of  being 
novel  even  if  not  true.  According  to  Descartes  the  pineal  received 
the  animal  spirits  from  the  arteries,  stored  them  up  and  passed  them 
on  to  the  cerebral  ventricles— a  second  reservoir — whence  they  were 
transmitted  through  the  hollow  nerves  over  the  body.  But  when  the 
spirits  in  the  ventricles  were  uncertain  about  their  proper  destination 
the  pineal  directed  them  by  leaning  to  one  side  or  other  of  the  middle 
line.  Thomas  Bartholinus  (1616-80),  of  Copenhagen,  and  Thomas 
Wharton  disputed  Descartes’s  views.  But  in  1695  Humphrey  Ridley 
considered  that  the  pineal  was  ‘a  very  unfit  part  to  be  made  a 
Receptacle  for  Animal  Spirits,  as  Vieussenius  makes  it,  and  much 
more  a  place  of  residence  for  the  Soul,  according  to  Des  Chartes  . 
In  the  next  paragraph,  however,  he  criticized  Descartes  ‘whose 
sublime  and  most  deservedly-admired  Philosophy  had  doubtless 
been  much  more  useful,  had  he  convers’d  more  with  Dissections  and 
less  with  invisibility  ’.  De  Cyon  in  1907  considered  that  some  at 
least  of  the  functions  which  philosophers,  such  as  Descartes,  ascribed 
to  the  pineal  were  more  likely  to  be  carried  out  by  the  pituitary. 

Rene  Descartes  (Cartesius),  bom  on  March  31,  1596,  was  the  son  of 
Joachin  Descartes  of  Chatellerault  in  Poitou  where  his  grandfather, 
Pierre  Descartes,  was  practising  medicine.  Losing  his  mother  when 
he  was  a  year  old,  he  grew  up  in  a  medical  atmosphere  with  access  to 
medical  books  which  exerted  considerable  influence  on  His  future. 
His  mental  activity  became  obvious  very  early  and  earned  him  the 
title  of  ‘the  little  philosopher '  from  his  father.  On  account  of  his  poor 
health  and  constant  cough  he  was  excused  early  school  during  his 
education  (1604-12)  by  the  Jesuits  at  La  Fleche  in  Anjou,  thereby 
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acquiring  the  lifelong  habit  of  meditation  in  bed ;  this  early  delicacy 
may  have  been  responsible  for  his  statement  in  1646  that  ‘the  con¬ 
servation  of  health  has  always  been  the  principal  object  of  my  studies’. 
After  working  at  mathematics  at  Poitiers  and  Paris,  he  became  in 
May  1617  a  volunteer  in  the  army  of  Prince  Maurice  of  Orange  ;  during 
a  lull  in  the  campaign  he  happened  to  see  at  Breda  the  notice  of  a 
challenge  to  solve  a  mathematical  problem,  and  as  it  was  in  Dutch 
he  asked  a  bystander  to  translate  it ;  this  was  obligingly  done  and 
followed  up  by  the  ironical  suggestion  that  the  apparent  soldier  should 
supply  the  solution.  Descartes  at  once  said  that  he  would  do  so,  but 
was  somewhat  taken  aback  by  learning  that  the  translator  was  Isaac 
Beeckman,  principal  of  the  college  at  Dort  and  a  famous  mathemati¬ 
cian.  Next  day,  however,  he  presented  the  correct  answer  to  Beeckman 
who  introduced  him  to  a  number  of  Flemish  mathematicians.  In  1619 
he  was  fighting  in  Germany,  but  from  1628  to  1649  he  lived  chiefly  in 
Holland  ;  he  then  went  to  Stockholm  where  he  founded  an  academy  of 
science,  but  soon  after  died  there  of  pneumonia  on  February  1 1,  1650. 

Descartes  was  essentially  a  great  philosopher,  and  his  philosophy 
has  been  said  to  have  influenced  medicine  in  a  way  more  definite  than 
that  of  any  other  thinker  (Sigerist,  1934).  Like  Bacon  he  was  much 
interested  in  methodology — the  problem  of  determining  the  right 
method  of  gaining  true  knowledge — and  wrote  Discours  de  la  methode 
in  1637.  A  joioneer  in  mathematics  and  a  great  physicist,  he  compared 
science  to  a  tree,  with  metaphysics  as  the  root,  physics  the  trunk,  and 
its  three  branches  of  mechanics,  medicine,  and  morals.  His  chief 
interest  in  anatomy  and  especially  in  x>hysiology  was  for  their  bearings 
on  the  wider  problems  of  the  universe,  and  he  realized  the  need  for  an 
intimate  union  between  physiology  and  psychology,  such  as,  after  a 
long  interval,  W.  Wundt  (1832-1920)  established  in  1879  by  organizing 
a  laboratory  of  experimental  psychology  in  Leipzig. 

In  connexion  with  L’ Homme  ( De  Homine  Liber ,  1662),  Descartes’s 
popular  treatise  on  physiology,  Michael  Foster  spoke  of  him  as  the 
Herbert  Spencer  (1820-1903)  of  his  age  inasmuch  as  his  treatise  on 
man  bore  somewhat  the  same  relation  to  the  physiological  inquiries 
of  the  seventeenth  century  as  Herbert  Spencer’s  Principles  of  Biology 
(1864-7)  did  to  biological  research  at  the  end  of  the  last  century. 
Cabanes  (1862-1928)  included  him  among  Les  medecins  amateurs. 
But  after  all,  if  his  phraseology  is  translated  into  modern  terms,  if,  for 
example,  as  Michael  Foster  remarked,  for  the  ‘  subtle  fluid  of  the  animal 
spirits’  we  substitute  ‘the  molecular  changes  constituting  a  nervous 
impulse’,  Descartes’s  views  are  not  very  different  from  those  of  the 
present  day,  and  he  seems  dimly  to  have  grasped  the  conception  of 
reflex  action  in  1649.  In  De  Homine  he  assumed  that  muscle  was 
supplied  with  nerves  causing  muscular  relaxation,  a  conception  con¬ 
firmed  in  1848  for  the  heart  and  vagus  by  the  Webers,  and  for  volun¬ 
tary  muscle  by  Sherrington  in  1892. 

Cabanes,  A.,  Medecins  amateurs,  Paris,  1932  ;  Foster,  M.,  History  of  Physiology , 

Cambridge,  1901,  p.  258;  Papillault,  G.,  Bull.  Soc.  frang.  ddiist.  med.,  Paris, 
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1927,  xxi.  377;  Sigerist,  H.  E.,  Bull.  Inst.  Hist.  Med.,  Baltimore,  1934, 
ii.  577. 

For  thousands  of  years  philosophically  minded  anatomists  were 
engaged  in  a  pious  search  for  the  seat  of  the  soul,  and  for  a  long  time 
it  was  thought  to  have  its  habitation  in  the  liver ;  as  the  condition  of 
that  organ  was  believed  to  reflect  the  mind  of  the  gods,  the  practice 
of  divination  or  omens  from  the  appearances  of  the  liver  of  the  sacri¬ 
ficial  animals  arose,  and,  according  to  Morris  Jastrow  (1861-1921), 
was  practised  by  the  Babylonians  as  far  back  as  3000  b.c.  Later 
the  soul  was  thought  to  reside  in  the  heart,  then  between  the  liver  and 
the  heart,  namely,  in  the  diaphragm — hence  the  word  frenzy  {^peviTis). 
Jean  Baptiste  van  Helmont  (1577-1644),  philosopher,  who  took 
almost  all  knowledge  as  his  province,  and  perhaps  the  founder  of 
the  iatro- chemical  school  of  medicine,  placed  the  sensorimotor  soul 
in  the  epigastrium  because  a  blow  there  may  cause  unconsciousness. 

Anaxagoras  (500-428  b.c.  )  and  Herophilus  in  the  third  century  b.c. 
suggested  that  the  soul  was  quartered  in  the  cerebral  ventricles,  as 
many  centuries  later,  in  1796,  did  von  Soemmerring  (1755-1830)  in 
the  least  convincing  of  his  otherwise  valuable  works,  placing  it  in  the 
fluid  contents  (sensorium  commune)  of  the  cerebral  ventricles,  and 
in  support  of  this  quoted  from  the  Bible  ‘  and  the  spirit  of  God  moved 
on  the  face  of  the  waters’.  In  1644  Sir  Kenelm  Digby  (1602-65) 
regarded  the  so-called  fifth  ventricle  between  the  layers  of  the 
septum  lucidum  as  the  seat  of  the  soul.  Henry  More  (1614-87),  the 
Christian  platonist  of  Christ’s  College  (originally  God’s  House), 
Cambridge,  in  1659  located  the  soul  in  ‘the  purer  spirits  of  the  fourth 
ventricle’.  Like  Vesalius  (1514-64)  in  1543,  the  encyclopaedic 
Albrecht  von  Haller  (1708-77)  had  contested  the  localization  of  the 
soul  in  any  part  of  the  brain. 

Modern  theosophists  believe  that  in  the  later  perfection  of  the 
human  race  the  pineal  will  accommodate  the  seventh  sense,  the 
power  of  divine  insight ;  the  sixth  sense,  that  of  comprehending 
unvoiced  thought  or  of  psychic  receptivity,  is  placed  in  the  pituitary. 

Cowper,  W.,  The  Anatomy  of  Humane  Bodies,  Oxford,  1698,  Table  X; 
Cyon,  de,  Compt.  rend.  Acad.  d.  sc.,  Paris,  1907,  cxliv.  868;  Descartes, 
R.,  Meditationes  de  prima  Philosophia,  Amstelod.,  1649;  Digby,  K.,  A  Treatise 
declaring  the  Operations  and  Nature  of  Man's  Soul  .  .  .,  Paris,  1641 ;  Gibson,  T., 
Anatomy  of  Humane  Bodies  epitomized,  Lond.,  1682,  p.  316;  Guthrie,  L.  G., 
Contributions  to  the  Study  of  Precocity  in  Children:  History  of  Neurology,  Lond., 
1921,  p.  135 ;  Galen,  De  Usu  Partium,  viii.  3 ;  Jastrow,  M.,  Trans.  Coll.  Phys., 
Phila.,  1907,  xxix.  170;  Magendie,  F.,  Recherches  physiologiques  et  cliniques 
sur  le  fluide  cephalo-rachidien  ou  cerebrospinal,  Paris,  1842;  More,  H.,  The 
Immortality  of  the  Soul,  Lond.,  1659;  Ridley,  H.,  Anatomy  of  the  Brain,  Lond., 
1695,  p.  83;  Soemmerring,  S.  T.  von,  Ueber  das  Organ  der  Seele,  Konigsberg, 
1696 ;  Wharton,  T.,  Adenographia,  sive  Glandularum  totius  Corporis  Descriptio, 
Lond.,  1656,  p.  149;  Willis,  T.,  Cerebri  Anatome,  Lond.,  1664,  p.  169. 
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Embryology.  Gotte  in  1875  described  it  as  a  product  of  the  point 
where  the  roof  of  the  brain  remains  last  attached  to  the  external 
skin.  F.  M.  Balfour  (1851-82)  did  not  accept  this  and  stated  (1881) 
that  it  developed  as  a  papilliform  outgrowth  of  the  roof  of  the 
thalamencephalon.  Keith  (1933)  described  the  human  pineal  as 
appearing  in  the  sixth  week  of  foetal  life  as  an  evagination  of  the 
ependymal  lining  of  the  posterior  part  of  the  fore  brain  without  any 
para-pineal  element. 

Leydig  (1821-1908)  in  1872  described  as  the  ‘frontal  organ’  a 
structure  in  connexion  with  the  pineal  body  in  lizards,  but  considered 
the  evidence  insufficient  to  justify  any  opinion  about  its  function. 
Rabl-Ruckharcl  in  1882  in  his  account  of  the  pineal  body  in  trout 
pointed  out  its  resemblance  to  that  of  the  eye,  and  in  1886  W.  B. 
Spencer  (1860-1929)  described  the  median  or  parietal  eye  in  the  lower 
reptiles,  especially  in  Sphenodon.  In  the  lower  reptiles  there  are 
two  epiphysial  processes,  of  which  the  anterior  or  para-pineal  passes 
upwards  between  the  parietal  bones  and  forms  under  the  skin  the 
median  or  parietal  eye;  W.  H.  Gaskell  (1847-1914)  in  1908  con¬ 
sidered  that  in  Ammocetes  the  pineal  and  para-pineal  represent 
a  pair  of  eyes.  The  para-pineal  does  not  develop  in  man  and  mam¬ 
mals  ;  in  the  past  the  human  pineal  has  often  been  regarded  as  merely 
a  vestigial  structure,  probably  from  confusion  with  the  parietal  eye, 
a  view  expressed  in  the  title — ‘  The  Pineal  Gland  is  the  third  Eye  of 
Vertebrates’ — of  the  thesis  submitted  in  1887  by  the  zoologist 
Peytoureau.  But  modern  opinion  as  voiced  by  Tilney  (1928)  has 
abandoned  this  conception. 

Balfour,  F.  M.,  Treatise  on  Comparative  Embryology ,  Lond.,  1881,  ii.  356; 
Gaskell,  W.  H.,  Origin  of  Vertebrates,  Bond.,  1908;  Gotte,  A.,  Entwicklungs- 
geschichte  d.  Unke,  Leipz.,  1875  ;  Keith,  A.,  Human  Embryology  and  Morphology, 
Lond.,  1933,  p.  131 ;  Leydig,  F.,  Die  in  Deutschland  lebenden  Arten  der  Saurien, 
Tubing.,  1872,  72;  Peytoureau,  S.  A.,  These  de  Bordeaux,  1886-7,  No.  95; 
Rabl-Ruckhard,  Arch.f .  Anat.  u.  Entwcklngsgesch .,  Leipz.,  1882,  111;  Spencer, 
W.  B.,  Proc.  Boy.  Soc.,  Lond.,  1886,  xl.  569  ;  Tilney,  F.,  Special  Cytology  (edited 
by  E.  V.  Cowdry),  N.Y.,  1928,  i.  503. 

Anatomy.  The  human  pineal  is  small,  oval,  red  in  colour,  and 
projects  from  the  roof  of  the  third  ventricle,  just  above  the  posterior 
commissure  and  close  to  the  Sylvian  aqueduct.  Its  base  is  connected 
on  each  side  by  a  short  peduncle  with  the  habenular  commissure. 
It  is  covered  by  pia  mater.  In  man  the  cavum  pineale  or  ventricle 
often  persists  (Cooper,  1925)  and  may  account  for  the  occurrence  of 
cysts,  as  was  pointed  out  by  Campbell  (1899).  Like  the  adrenals, 
it  is  proportionately  much  larger  in  the  foetus  than  in  the  adult 
(Macalister,  1889).  It  is  extremely  well  supplied  with  blood-vessels. 

The  calcareous  concretions  (brain  sand,  corpora  amylacea,  or 
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acervulus  cerebri)  have  Jong  been  known,  but  were  first  regarded  as 
pathological.  Regnier  de  Graaf  (1641-73),  whose  name  is  preserved 
in  the  follicles  of  the  ovary,  stated  that  concretions  occur  in  all  parts 
of  the  body,  but  especially  in  the  pineal.  Charles  Drelincourt  in 
1670  reported  a  large  calcified  pineal  the  size  of  a  pigeon’s  egg. 

Charles  Drelincourt  (1633-97)  was  the  son  of  a  well-known  French 
cleric  who  intended  his  son  to  follow  in  his  footsteps.  Charles,  however, 
being  in  poor  health  and  not  attracted  to  the  cure  of  souls,  chose 
medicine,  and  in  1655,  soon  after  taking  the  doctorate  at  Montpellier 
and  when  only  22  years  of  age,  was  appointed  by  Turenne  (1611-75), 
marshal  of  France,  his  father’s  friend,  to  the  post  of  physician-in-chief 
of  the  army  in  Flanders.  He  fully  justified  his  selection,  and  after  the 
declaration  of  peace  in  1659  settled  down  to  practice  in  Paris;  four 
years  later  he  became  physician-in-ordinary  to  the  King,  and  this 
might  well  have  been  the  prelude  to  a  long  career  in  Paris.  But  he  left 
France  in  1668,  the  year  of  Boerhaave’s  birth,  to  occupy  the  chair  of 
medicine  at  Leyden,  only,  however,  to  exchange  it  two  years  later  for 
that  of  anatomy,  a  somewhat  rare  order  of  events.  Before  his  death 
in  1697  he  took  the  rather  unusual  step  of  forbidding  the  delivery  of 
the  customary  funeral  oration.  He  was  the  author  of  a  number  of 
books  which  were  remarkable  for  numerous  antitheses  and  the  use  of 
obsolete  Latin  words. 

Sir  Edmund  King  (1629-1709),  who  on  his  own  responsibility  bled 
King  Charles  II  at  the  onset  of  his  fatal  attack  of  apoplexy  in  1685, 
recorded  in  the  following  year  c  a  petrified  pineal  gland  found  at  the 
dissection  of  Robert  Bacon,  Master  of  Arts  of  Corpus  Christi  College, 
Oxford,  a  pious  learned  man  about  75  years  of  age.  .  .  .  His  rational 
faculties  seemed  to  be  quite  lost  for  a  great  while  before  he  dyed.’ 
The  pineal  was  normal  as  regards  size,  and  the  pituitary  was  half 
wasted,  very  brittle  and  hard.  In  1698  Edward  Tyson  (1650-1708) 
referred  to  a  number  of  recorded  observations  on  stones  in  the 
pineal  gland. 

Edward  Tyson,  whose  name,  if  familiar  to  most  students,  is  so 
because  of  the  eponym  of  the  sebaceous  glands  of  the  pudenda  only, 
deserves  a  better  fate,  for  he  was  a  pioneer  of  comparative  morphology 
and  the  author  of  elaborate  monographs  on  the  anatomy  of  various 
animals.  It  seems  probable  that  his  senior,  Sir  Christopher  Wren 
(1632-1723),  first  inspired  him  to  take  up  this  line  of  research  when  he 
was  an  undergraduate  at  Oxford.  His  first  dissections — on  the  scent- 
bags  of  the  polecat— were  carried  out  there  in  1674,  and  later  he 
described  similar  peri-anal  glands  in  the  beaver,  fox,  weasel,  musk- 
deer,  and  cat.  He  also  wrote  on  ‘The  Anatomy  of  a  Porpess’  (1680), 
and  of  the  Virginian  opossum  (1698);  of  special  importance  was  the 
monograph  on  the  ‘Orang  Outang,  sive  Homo  sylvestris:  or  the 
Anatomy  of  a  Pigmie,  compared  with  that  of  a  Monkey,  an  Ape,  and 
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a  Man:  with  an  essay  concerning  the  Pigmies  of  the  Ancients’,  1699. 
The  pigmy  he  actually  dissected  was  a  chimpanzee,  but  his  argu¬ 
ment  that  pigmies,  satyrs,  and  other  queer  creatures  described  by  the 
ancient  writers  were  all  either  apes  or  monkeys  and  not  human  beings 
was  accepted  by  Button  and  not  refuted  until  the  existence  of  pigmy 
races  was  proved  by  Quatrefages  in  1887  and  Kollmann  in  1894.  In 
'  Vipera  Caudisona  Americana;  or  the  Anatomy  of  the  Rattle  -  Snake  ’ 
(1683)  he  described  the  tape-worm  and  round-worm,  and  showed  that 
hydatids  are  animals  and  not  a  new  growth.  His  medical  writings 
were  published  in  the  Philosophical  Transactions  of  the  Royal  Society, 
of  which  he  became  a  fellow  on  December  1,  1679,  and  in  the  Acta 
medica  et  philosophica  Hafniensia,  edited  by  Thomas  Bartholin.  The 
wide  scope  of  his  interests  was  also  shown  by  A  philosophical  Essay 
concerning  the  Rhymes  of  the  Ancients  (1669),  his  study  of  finger-prints, 
and  artistic  skill  as  a  draftsman. 

Born  in  1650  in  Somerset,  he  entered  Magdalen  Hall  (now  Hertford 
College),  Oxford,  on  May  10,  1667,  and  graduated  B.A.  (1670)  and 
M.A.  (1673);  but  in  1680  he  incorporated  M.D.  at  St.  Benet’s  (Corpus 
Christi)  College,  Cambridge,  and  thus,  like  so  many  physicians  of  those 
days,  had  a  foot  in  both  the  older  Universities.  Then  settling  in  London 
he  was  physician  to  the  Royal  Hospitals  of  Bridewell  and  Bethlem, 
and  was  anatomy  lecturer  at  the  Barber-Surgeons’  Hall  until  1699. 
At  the  Royal  College  of  Physicians  of  London  he  was  admitted  a 
candidate  on  September  30,  1680,  and  a  fellow  on  April  2,  1683,  and 
was  a  censor  in  1694.  He  took  part  in  the  animated  controversy, 
described  as  a  mock  Homeric  battle  in  the  ‘Dispensary’  (1699),  the 
famous  poem  of  Sir  Richard  Garth  (1661-1719) ;  from  1687  the  College 
had  discussed  the  establishment  of  a  dispensary  where  the  poor  could 
have  the  advice  of  the  best  physicians,  and  medicines  made  up  at  the 
College  laboratory  at  cost  price.  The  apothecaries  naturally  objected 
to  this  interference  with  what  they  considered  their  vested  interests 
and,  though  most  of  the  fellows  of  the  College  were  supporters  of  the 
dispensary  idea,  a  minority  joined  forces  with  the  apothecaries ; 
Tyson  was  one  of  these  and,  as  Garth  was  on  the  side  of  the  majority, 
appears  under  the  name  of  Cams  in  the  satirical  account  of  the  Comitia 
in  an  unattractive  light : 

‘  Slow  Cams  next  discovered  his  intent 
With  painful  pauses  muttering  what  he  meant’, 

the  poem  also  referring  to  his  love  of  ‘Swiss  philosophy',  ‘Runick 
rhymes’,  and  ‘vile  books’. 

He  died  on  August  1,  1708.  His  portrait,  painted  for  the  Barber- 
Surgeons,  hung  in  their  parlour  until  1745  when  it  was  sold  for  ten 
guineas  to  his  relative  Luke  Maurice ;  in  1764  it  was  presented  to  the 
College  by  Richard  Tyson  (1730-84)  who  was  physician  to  St.  Bar¬ 
tholomew’s  Hospital. 

Hunk's  Roll  of  the  Royal  College  of  Physicians,  Lond.,  1878,  i.  426;  Gunther. 

R.  T.,  Early  Science  in  Oxford,  1925,  iii.  170. 
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In  his  Dissertatio  de  Glandula  pineali  lapidescente,  1733,  Jean 
Saltzmann  (1679-1738)  of  Strasburg  collected  the  published  cases 
and  definitely  correlated  headache  with  the  presence  of  pineal  con¬ 
cretions.  Morgagni  (1682-1771)  in  1761  regarded  pineal  concretions 
as  a  disease,  collected  a  number  of  cases,  including  one  'of  uncommon 
magnitude  in  a  witty  body’.  Haller  (1708-77)  in  1768  also  accepted 
the  view  that  the  calcification  was  abnormal,  which  was  finally  dis¬ 
proved  by  von  Soemmerring  (1755-1830)  who  in  1785  made  it  clear 
that  this  change  normally  took  place  after  the  age  of  14  in  man. 
Matthew  Baillie  (1761-1823)  in  1797  stated  that  'a  little  earthy 
matter  is  almost  constant  in  the  pineal’. 

Hassall  in  1849  examined  microscopically,  and  gave  an  illustration 
of  the  appearances  of,  the  concretions.  They  vary  in  size  ;  the  small 
ones  show  a  concentric  lamellar  structure,  but  the  larger  ones,  visible 
to  the  naked  eye,  do  not  (Cal vet,  1934).  According  to  del  Rio-Hortega 
(1932)  the  calcareous  salts  (calcium  carbonate,  calcium  phosphate, 
potassium  carbonate,  and  magnesium  phosphate)  are  probably  de¬ 
posited  in  two  ways:  (1)  on  whorls  of  connective  tissue,  and  (2)  in 
neuroglia.  They  begin  to  appear  after  the  age  of  7  years,  and  become 
more  numerous  as  the  years  pass.  At  the  age  of  35  they  are  a  promi¬ 
nent  feature  in  radiographs  of  the  skull  (Harris,  1933).  The  presence 
of  these  concretions  has  not  been  proved  to  have  any  clinical  correla¬ 
tions  ;  but  Timme  (1929)  mentioned  that  unsatisfactory  quarrelsome 
children  with  parathyroid  deficiency  may  show  X-ray  evidence  of 
their  presence,  and  Pende  (1931)  regarded  calcification  as  evidence 
of  disturbance  of  the  endocrine  balance  with  predominance  of  hyper  - 
genitalism. 

An  accessory  pineal  body  near  the  Sylvian  aqueduct  in  an  other¬ 
wise  healthy  brain  was  recorded  by  Globus  and  Silbert.  The  origin 
of  an  infra-tentorial  tumour  showing,  by  the  stain  of  del  Rio-Hortega 
(1932),  the  structure  of  a  pineal  blastoma  was  ascribed  to  aberrant 
pineal  cells,  just  as  suprasellar  pituitary  tumours  may  arise  (C.  Vin¬ 
cent  and  Rappoport,  1933). 

Nerve -supply.  According  to  Laruelle  (1935)  the  pineal,  like  the 
pituitary,  has  a  double  nerve-supply  from  the  superior  ganglion  of 
the  sympathetic  and  from  the  diencephalon. 

The  histology  of  the  pineal  has  attracted  much  attention,  of 
which  Tilney  (1928)  gave  the  history  in  detail.  Hollard  in  1837 
regarded  it  as  a  glandular  organ,  Valentin  (1810-83)  in  1843  pointed 
out  its  structural  difference  from  the  grey  matter  of  the  brain,  and 
in  1855  Faivre  gave  an  account  of  the  microscopical  appearances  and 
recognized  the  large  epithelial  cells;  Cionini  in  1885  described  the 
presence  of  neuroglia  cells.  According  to  Globus  and  Silbert  (1931) 
the  pineal  undergoes  progressive  changes  from  the  fifth  month  of 


EDWARD  TYSON,  M.D.,  F.R.S. 
(1650-1708) 

Courtesy  of  h.  m.  baelow 


HISTOLOGY  459 

foetal  life  to  the  seventh  year  of  post-natal  life,  the  histological 
appearances  being  characteristic  at  the  various  stages,  but  quite 
different  at  early  and  at  late  periods.  There  is  a  mosaic  composed  of 
small  darkly  staining  cells  surrounding  blocks  of  large  lightly  staining 
cells  ;  about  the  third  month  of  post-natal  life  this  arrangement  fades 
as  the  result  of  the  disappearance  of  the  small  darkly  staining  cells, 
and  the  cellular  structure  becomes  alveolar;  later  the  connective 
tissue  stroma  increases  in  amount  .  The  masses  of  cells  are  surrounded 
by  large  sinus-like  blood-vessels. 

The  nature,  origin,  and  forms  of  the  cells  of  the  parenchyma  of  the 
pineal  body  have  been  much  discussed.  Krabbe  (1911)  described 
‘pineal’  cells  and  neuroglia  cells,  and  Biondi  (1916)  neuroglia  and 
connective-tissue  cells;  Calvet  (1934),  however,  considered  that 
there  are  all  stages  of  transition  between  the  pineal  cells  and  the 
small  neuroglia  cells,  the  former  having  undergone  a  special  evolu¬ 
tion,  and  all  neuro- epithelial  in  origin. 

The  pineal  cells  vary  in  their  size,  form,  and  appearance,  thus 
accounting  for  the  different  classifications  given.  Usually  they  are 
large,  polyhedral,  often  branched,  with  a  large  nucleus  around  which 
the  oxyphil  or  basophil  granules  are  mainly  collected.  The  cells  with 
fine  oxyphil  granules  are  more  numerous  than  those  with  basophil 
granules.  These  presumably  secreting  cells  can  still  be  found  well 
on  in  adult  life  (Marburg,  1908;  Krabbe,  1911).  Nerve  cells  have 
been  described  (Krabbe,  1923)  and  also  denied;  medullated  nerve 
fibres  have  also  been  stated  to  be  present  (Marburg,  1908).  In  addi¬ 
tion  to  the  pineal  cells  there  are  pigmented  cells  in  considerable 
numbers.  Calvet  (1934)  described  giant  cells.  Nicolas  (1900)  and 
his  pupil  Dimitrova  (1901)  found  striated  muscle  fibres  in  the  cow, 
an  observation  confirmed  with  some  modifications  by  Calvet  who 
quoted  Pappenheimer  as  having  seen  cells  of  this  kind  in  man,  and  by 
Harnmar  in  a  human  foetus  of  5  months.  By  experimental  castra¬ 
tion  Calvet  produced  a  diminution  in  the  number  of  the  pineal  cells. 
Anatomy  and  Histology. 

Baillie,  M.,  The  Morbid  Anatomy  of  Some  of  the  Most  Important  Parts  of  the 
Human  Body,  Lond.,  1797;  Biondi,  G.,  Riv.  ital.  di  neuropat.,  Catania,  1916,  ix. 
251;  Calvet,  J.,  U Epiphyse  ( glande  pineale),  Paris,  1934;  Campbell,  A.  W., 
Trans.  Path.  Soc.  Lond.,  1899,  1.  15;  Cionini,  A.,  Riv.  sper.  di  freniat.,  Reggio- 
Emilia,  1885,  xi.  182 ;  Cooper,  E.  R.  A.,  Histology  of  the  More  Important  Human 
Endocrine  Glands  at  Various  Ages,  Oxford  Univ.  Press,  1925;  Dimitrova,  Z., 
These  de  Nancy,  1900-1;  Drelincourt,  C.,  Anatomicum  praeludium,  &c., 
Leyde,  1670,  and  quoted  by  J.  J.  Manget,  Theatrum  anatomicum,  Geneve,  1717, 
Lib.  iv,  cap.  2,  p.  309;  Faivre,  E.,  Compt.  rend.  Soc.  biol.,  Paris,  1855,  2  s.,  i. 
195;  Globus,  J.  H.,  and  Silbert,  S.,  Arch.  Neurol,  and  Psychiat.,  Chicago, 
1931,  xxv.  937 ;  Graaf,  R.  de,  Opera  omnia,  Lugd.  Bat.,  1677 ;  Harris,  H.  A., 
Bone  Growth  in  Health  and  Disease,  Oxford  Univ.  Press,  1933,  p.  186  ;  Hassall, 
A.  H.,  Microscopic  Anatomy  of  the  Human  Body  in  Health  and  Disease,  Lond., 
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1849,  i.  535;  Hollard,  H.,  Precis  cVanatom.  comparee,  Paris,  1837;  King,  E., 
Phil.  Trans.,  Lond.,  1686,  xvi.  228;  Krabbe,  K.,  Nouv.  iconogr.  de  la  Salpetr., 
Paris,  1911,  xxiv.  257  ;  idem,  Endocrinol.,  Los  Angeles,  1923,  vii.  379  ;  Laruelle, 
vide  Presse  med.,  1935,  xliii.  1479;  Macalister,  A.,  Text-book  of  Human  Ana¬ 
tomy,  Lond.,  1889,  p.  722 ;  Marburg,  ().,  Arb.  a.  d.  Neur.  Inst.  a.  d.  Wien.  Univ., 
1908,  xvii.  217  ;  Morgagni,  G.  B.,  De  Sedibus  et  Causis  Morborum.,  Epist.  xxxv, 
art.  30,  Venet.,  1761  ;  Nicolas,  A.,  Compt.  rend.  Soc.  biol.,  Paris,  1900,  lii.  876; 
Pende,  N.,  Acta  med.  lat.,  Paris,  1931,  iv.  193;  Rio-Hortega,  P.  del,  Cyto¬ 
logy  and  Cellular  Pathology  of  the  Central  Nervous  System  (Penfield),  N.Y.,  1932, 
ii.  637 ;  Saltzmann,  J.,  Dissertatio  de  Glandula  pineali  lapidescente,  Strasb., 
1733;  Soemmerring,  S.  T.  von,  Dissertatio  de  lapillis  .  .  .  de  acervulo  cerebri, 
Mayence,  1785,  and  C.  F.  Ludwig,  Scriptores  neurologici,  1793;  Tilney,  F., 
Special  Cytology  (E.  V.  Cowdry),  N.Y.,  1928,  i.  503  (Bibliography) ;  Tilney,  F., 
am  1  YV  arren,  L.  F.,  Amer.  Anat.  Memoirs,  Phila.,  1919;  Timme,  W.,  Arch. 
Neurol,  and  Psychiat.,  Chicago,  1929,  xxi.  254;  Tyson,  E.,  Phil.  Trans.,  Lond., 
1698,  xx.  535;  Valentin,  G.,  Traite  de  neurologie,  Transl.,  Paris,  1843; 
YTncent,  C.,  et  Rappoport,  Rev.  neurol.,  Paris,  1933,  xl.  517. 


Physiology.  The  pineal  body  is  an  example  of  the  structures 
with  debatable  claims  to  be  regarded  in  the  same  light  as  the  thyroid, 
parathyroids,  pituitary,  and  adrenals.  How  long  after  birth  the 
pineal  is,  if  it  is  at  all,  an  active  secreting  gland,  has  been  variously 
estimated.  According  to  Globus  and  Silbert  (1931)  the  glandular 
character  of  the  pineal  is  particularly  prominent  at  the  sixth  month 
of  foetal  life,  when  tubules  and  a  rich  vascular  supply  are  clearly 
visible ;  but  during  the  early  months  of  post-natal  life  it  undergoes 
such  well-marked  histological  changes  that  it  cannot  be  regarded  as 
a  secreting  gland.  It  had  previously  been  stated  that  the  process  of 
involution  did  not  begin  before  7  years  of  age  (Bailey  and  Jelliffe, 
1911 ;  Howell,  1930),  that  the  pineal  cells  disappear  gradually,  and 
the  interstitial  glia  tissue  and  calcareous  concretions,  which  are  more 
numerous  in  man  than  in  animals,  become  more  prominent  with 
advancing  age.  Krabbe  (1917)  concluded  that  the  calcium  salts  are 
excreted  by  the  nuclei  of  the  pineal  cells,  whereas  Cooper  (1925) 
regarded  the  process  as  a  deposition  of  calcium  in  the  cells  which 
subsequently  disintegrated.  Krabbe  (1923),  however,  from  examina¬ 
tion  of  100  human  bodies  found  that  except  for  arteriosclerosis  there 
was  not  much  histological  difference  between  the  pineal  at  the  ages 
of  14  and  92  years,  and  that  the  presence  of  basophil  cells  pointed 
to  the  production  of  an  internal  secretion  which  continued  in  adult 
life,  but  was  not  essential  to  life  and  did  not  exert  any  special  effect 
on  the  genital  organs. 

Intravenous  injections  of  extracts  of  the  pineal  body  were  first 
employed  in  1898  by  Howell  who  found  its  effect  on  blood-pressure 
to  be  inconstant;  de  Cyon  in  1907  did  not  observe  any  influence  on 
blood-pressure;  Dixon  and  Halliburton  (1909)  reported  an  occa¬ 
sional  fall  of  blood-pressure,  but  contraction  of  the  melanophores  in 
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the  tadpole’s  tail ;  a  fall  of  blood-pressure  greater  than  that  produced 
by  extracts  of  the  brain  was  recorded  by  Eyster  and  Jordan  (1910, 
1911).  After  injection  of  large,  but  not  small,  amounts  of  pineal 
extract  into  dogs  Horrax  (1916)  noted  a  fall  of  blood-pressure.  In¬ 
jections  of  fresh  pineal  glands  into  immature  white  mice  did  nor 
produce  any  changes  in  growth,  but  after  daily  injections  for  three 
weeks  the  mice  became  cachectic  (Weinberg  and  Doyle,  1931 ).  Engel 
(1934),  however,  found  that  injection  of  young  rats  with  an  alkaline 
extract  of  an  acetone  powder  from  human  pineal  bodies  inhibited 
the  action  of  the  pituitary  growth-hormone. 

Excision  of  the  pineal  is  difficult  and  has  often,  especially  in  the 
past,  proved  rapidly  fatal  from  haemorrhage  in  a  high  percentage  of 
animals.  As  regards  the  production  of  precocious  sexual  develop¬ 
ment,  such  as  has  occurred  in  boys  with  pineal  tumours,  the  results 
are  discordant;  Sarteschi  (1913)  produced  the  pineal  syndrome  of 
macrogenitosomia  in  very  young  rabbits  and  dogs;  Eoa  (1914) 
obtained  positive  results  in  chickens  and  other  animals ;  H  orrax 
(1916)  recorded  acceleration  of  sexual  development  in  male  and 
earlier  pregnancy  in  female  guinea-pigs,  and  Izawa  (1926)  reported 
more  rapid  bodily  and  gonadal  growth  in  rats.  Negative  results, 
however,  were  reported  by  Exner  and  Boese  (1910),  Dandy  (1915), 
and  Kolmer  and  Loewy  (1922).  Excision  of  the  pineal  in  rats  one  to 
three  days  old  was  completely  negative  as  regards  rate  of  growth, 
age  of  puberty,  weight  of  the  pituitary,  adrenals,  thymus,  and  testes, 
and  the  oestrous  cycle  (Andersen  and  Wolf,  1934). 

Experimental  feeding  with  pineal  gland  substance  has  also  given 
divergent  results.  It  has  been  followed  by  increased  growth  (Dana 
and  Berkeley,  1913);  as  a  result  of  feeding  guinea-pigs  on  dried 
pineal  substance  from  young  animals,  McCord  (1917)  reported  rapid 
growth  but  not  gigantism,  and  some,  but  not  well-established,  indica¬ 
tion  of  mental  and  sexual  precocity.  Hoskins  (1916),  however,  failed 
to  find  that  any  effect  on  growth  was  thus  produced  in  white  rats. 

These  results  do  not  lend  any  real  support  to  the  view  that  normally 
the  secretion  of  the  pineal  gland  controls  and  delays  sexual  maturity. 

The  striking  precocious  puberty  in  boys  seen  in  some  cases  of 
pineal  tumour  [vide  p.  466)  has  been  responsible  for  the  suggestion 
that  the  pineal  delays  and  inhibits  the  onset  of  sexual  maturity 
(Marburg,  1908;  Pellizzi,  1910).  According  to  Biedl  (1912)  the 
pineal  and  the  pituitary  are  antagonistic  as  regards  their  influence 
on  the  genitals,  pituitary  inadequacy  being  associated  with  genital 
infantilism.  In  contrast  to  the  interstitial  cells  of  the  testis,  called 
‘the  puberty  gland’  by  Steinach  (1912),  the  pineal  has  been  spoken 
of 'as  ‘the  anti-puberty  gland’  (Posner,  1916).  It  has,  however, 
since  been  argued  that  the  manifestations  included  under  the  title 
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1  precocious  macrogenitosomia  ’  are  produced  not  by  the  changes  in 
the  pineal  but  by  disturbances  caused  by  the  pineal  tumour  in  the 
adjacent  base  of  the  brain  (Baudouin,  Lhermitte,  and  Lereboullet, 
1932).  Bailey  (1933)  concluded  that  there  is  very  little  evidence 
that  the  secretion  of  the  pineal  inhibits  sexual  development.  Trans¬ 
plants  of  human  pineals  into  adult  female  white  mice  did  not  inhibit 
the  sex  cycle,  but  produced  oestrus  (Saphir,  1934). 

From  observations  on  man  and  animals  de  Candia  (1931 )  suggested 
that  the  pineal  controlled  a  centre  in  the  diencephalon  concerned 
with  calcium  metabolism  and  that  injection  of  pineal  extract  in¬ 
creased  the  calcium  content  of  the  blood. 

Andersen,  D.  H.,  and  Wolf,  A.,  Journ.  Physiol.,  Lond.,  1934,  lxxxi.  40; 
Bailey,  P.,  Intercranial  Tumours,  1933,  p.  331;  Bailey,  P.,  and  Jelliffe] 
S.  E.,  Arch.  Int.  Med.,  Chicago,  1911,  viii.  851 ;  Baudouin,  A.,  Lhermitte,  J.’ 
et  Lereboullet,  J.,  Rev.  neu-rol.,  Paris,  1932,  xxxi  (1),  388;  Biedl,  A.,  The 
Internal  Secretory  Organs,  Lond.,  1912,  p.  355;  Calvet,  J.,  UEpiphyse  ( glande 
pineal  e),  Paris,  1934 ;  Cooper,  E.  R.  A.,  Histology  of  the  More  Important  Human 
Endocrine  Glands  at  Various  Ages,  Oxford  Univ.  Press,  1925  ;  Dana,  C.  L  and 
Berkeley,  W.  N.,  Med.  Rec.,  N.Y.,  1913,  lxxxiii.  836;  Dandy,  W.’e.,  Journ. 
Exper.  Med.,  Baltimore,  1915,  xxii.  237  ;  de  Candia,  S.,  Rev.fran$.  T endocrinol., 
Paris,  1931,  ix.  23;  Dixon,  W.  E.,  and  Halliburton,  W.  D.,  Quart.  Journ. 
Exper.  Physiol.,  1909,  ii.  283;  Engel,  P.,  Klin.  Wchnschr.,  1934,  xiii.  1248; 
Exner  und  Boese,  Deutsche  Ztschr.  f.  Chir.,  Leipz.,  1910,  cvii.  182;  Foa,  C.[ 
A/ch.  ital.  di  hiol.,  Torino,  1914,  lxi.  79;  Globus,  J.  H.,  and  Silbert,  S.,  Arch. 
Neurol,  and  Psychiat.,  Chicago,  1931,  xxv.  937;  Horrax,  G.,  Arch.  Int.  Med., 
Chicago,  1916,  xvii.  607,  627;  Hoskins,  E.  R.,  Journ.  Exper.  Zool.,  Phila., 
1916,  xxi.  295;  Howell,  W.  H.,  Journ.  Exper.  Med.,  N.Y.,  1898,  iii.  245;  idem, 
I  ext -hook  of  Physiology,  1930;  Jzawa,  Y.,  Am.  Journ.  Physiol.,  Boston,  1926, 
lxxxvii.  126;  Jordan,  H.  E.,  and  Eyster,  J.  A.  E.,  ibid.,  1910-11,  xxvii, 
xxiii;  1911-12,  xxix.  115;  Kolmer,  W.,  und  Loewy,  R.,  Arch.  f.  d.  ges. 
Physiol.,  Bonn,  1922.  cxcvi.  1;  Krabbe,  K.  H.,  Nouv.  iconograph.  Salpetr., 
Paris,  1911,  xxiv.  257;  idem,  Anat.  Hefte,  Wiesb.,  1916-17,  liv.  187;  idem, 
Endocrinol.,  Los  Angeles,  1923,  vii.  379;  McCord,  C.  P.,  Surg.,  Gyn.,  and  Obst., 
Chicago,  1917,  xxv.  250 ;  Marburg,  O.,  Arb.  a.  cl.  Neur.  Inst.  a.  cl.  Wien.  Univ., 
1908,  xvii.  217;  Pellizzi,  G.  B.,  Riv.  ital.  di  neuropat.  psichiat.,  1910,  iii. 
193,  Posner,  C.,  Therap .  d.  Gegenw .,  Berlin  und  Wien,  1916,  viii.  286;  Saphir, 
W  .,  Endocrinol.,  Los  Angeles,  1934,  xviii.  625;  Sarteschi,  U.,  Patol.,  Genoa, 
1912-13,  v.  707 ;  Weinberg,  S.  J.,  and  Doyle,  A.  F.,  Proc.  Soc.  Exper.  Biol, 
and  Med.,  N.Y.,  1930—1,  xxviii.  323. 

DISEASES  OF  THE  PINEAL  BODY 

In  that  great  storehouse  of  morbid  anatomy  the  fifty-eight  volumes 
of  the  Transactions  of  the  Pathological  Society  of  London  (1846-1907) 
the  first  specimen  of  pineal  disease,  a  tumour,  was  described  in  1885, 
nearly  forty  years  after  the  birth  of  the  Society ;  E.  Charlewood 
Turner  (184,3-1900)  showed  an  old  museum  specimen  without  any 
clinical  history  5  it  had  previously  been  labelled  as  a  cerebral  tumour, 
but  examination  showed  its  pineal  origin  and  that  histologically  it 
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was  ‘a  spindle- celled  sarcoma  containing  glandular  and  carcino¬ 
matous  structures’.  Ten  years  later  Joseph  Coats  (1846-99)  of 
Glasgow  recorded  a  teratoma  containing  cartilage  in  a  boy,  aged 
13  years,  who  for  five  months  had  been  extremely  sleepy. 

Cysts  are  by  no  means  rare  ;  thus  out  of  17  pineal  bodies  examined 
at  the  West  Riding  Asylum  8  contained  cysts  (Barratt,  1903).  In 
1695  Humphrey  Ridley  (1653-1708),  who  in  the  previous  year  had 
given  the  Goulstonian  lectures,  described  a  pineal  three  times  its  nor¬ 
mal  size  from  the  presence  of  clear  transparent  lymph  in  ‘  the  hydro- 
pical  brain  of  a  strumous  boy’.  Morgagni  found  a  cyst,  the  size 
of  a  grape,  in  a  shoemaker  who  died  in  1744  of  senile  decay;  the 
pituitary  was  contracted ;  in  this  and  in  another  case  he  described 
there  was  internal  hydrocephalus.  Desportes  (1704-48)  recorded  a 
'hydatid’  cyst  which,  as  this  term  was  then  commonly  applied  to 
ordinary  cysts,  may  be  presumed  to  have  been  of  that  nature.  The 
same  interpretation  is  perhaps  not  so  justifiable  about  the  case, 
reported  in  1878  by  Herbert  Smith,  of  a  boy  aged  17  years  who  had 
a  ruptured  hepatic  hydatid  of  some  standing,  and  a  hydatid  of  the 
pineal  which,  however,  was  not  examined  microscopically.  In  1908 
Marburg  (1874-  )  put  forward  a  division  into  (a)  involution 

cysts  due  to  degeneration  of  the  pineal  cells  as  a  result  of  arterio¬ 
sclerosis  of  the  pineal  arteries,  and  ( b )  retention  cysts  which  may  be 
exaggerations  of  the  frequently  persistent  cavum  pineale  (Campbell, 
1899;  Cooper,  1925). 

Though  usually  regarded  as  devoid  of  any  clinical  significance, 
Ridley’s  case  in  the  seventeenth  and  Morgagni's  cases  in  the  eigh¬ 
teenth  century  were  associated  with  hydrocephalus;  Rokitansky 
(1804-78)  in  the  middle  of  the  last  century  stated  that  pineal  cysts 
were  always  accompanied  by  some  degree  of  hydrocephalus,  and 
Ewing  (1928)  agreed  that  this  was  almost  always  true.  Cooper 
(1932)  suggested  that  these  cysts  may  compress  the  great  vein  of 
Galen,  as  stated  by  Stopford  (i928),  and  so  interfere  with  the  drain¬ 
age  of  the  choroid  plexuses,  thus  increasing  the  amount  of  the 
cerebrospinal  fluid  and  raising  the  intracranial  pressure.  Dandy 
(1919)  found  that  in  dogs  occlusion  of  the  great  vein  of  Galen,  pro¬ 
vided  that  it  occurs  at  its  origin  and  a  collateral  circulation  is  thus 
prevented,  causes  internal  hydrocephalus.  Bedford  (1934),  on  the 
other  hand,  pointed  out  that  in  man  the  anatomical  conditions  differ 
from  those  in  the  dog,  and  that  a  collateral  circulation  can  be  easily 
established ;  he  contested  the  production  of  hydrocephalus  by  occlu¬ 
sion  of  the  great  vein  of  Galen. 

Barratt,  J.  O.  W.,  Journ.  Path,  and  Bacteriol.,  1903,  viii.  213;  Bedford, 
T.  H.  B.,  Brain,  Lond.,  1934,  lviii.  1 ;  Campbell,  A.  W.,  Trans.  Path.  Soc,. 
Bond.,  1899,  1.  15;  Cooper,  E.  R.  A.,  Histology  of  the  More  Important  Human 
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Endocrine  Glands  at  Various  Ages,  Oxford  Univ.  Press,  1925;  idem,  Journ. 
Anat.,  Cambridge,  1932,  lxvii.  25;  Dandy,  W.  E.,  Ann.  Surg.,  Phila.,  1919, 
lxx.  129;  Desportes,  J.  B.  P.,  Histoire  d.es  maladies  cle  St.  Dominique,  Paris, 
1770,  ii.  209;  Ewing,  J.,  Neoplastic  Diseases,  Phila.,  1928,  p.  1002;  Morgagni’ 
G.  B.,  De  Sedibus  et  Causis  Morborum,  Venet.,  1761,  Epist.  xxxvii,  art.  30- 
Ridley,  H.,  Anatomy  of  the  Brain,  Lond.,  1695,  p.  83;  Rokitansky,  C.’ 
Manual  of  Path.  Anat.,  Transl.  Sydenham  Soc.,  1850,  iii.  434;  Smith,  H., 
Lancet,  1878,  i.  48;  Stopford,.J.  S.  B.,  Brain,  Lond.,  1928,  li.  503. 


Syphilitic  enlargement  of  the  pineal  was  reported  by  Pontoppidan 
in  1885,  by  Lord  in  a  patient  with  two  gummata  in  the  brain  in  1899, 
and  by  Laurinsich  in  1923.  Doubt,  however,  was  expressed  about 
the  real  nature  of  Pontoppidan’s  and  Lord’s  cases  by  Krabbe  (1923). 

Krabbe,  K.,  Endocrinol.,  Los  Angeles,  1923,  vii.  379;  Laurinsich,  A.,  Pedia- 
tria,  Napoli,  1923,  xxxi.  817 ;  Lord,  J.  R.,  Trans.  Path.  Soc.  Bond.,  1899,  1.  20; 
Pontoppidan,  K.,  Neurol.  Centralbl.,  Leipz.,  1885,  iv.  553.  ' 


According  to  Dana  and  Berkeley  (1913)  one  form  of  mental  defi¬ 
ciency  is  due  to  hypopinealism,  and  in  it  more  mental  than  physical 
improvement  follows  pineal  extract  by  the  mouth. 


Tumours 

A.  W.  Otto  (1786-1845)  collected  a  number  of  cases,  the  earliest 
being  one  of  stony  hardness  and  the  size  of  a  pigeon’s  egg  recorded 
in  1670  by  Drelincourt  (vide  p.  456).  The  first  case  of  a  pineal 
tumour  with  a  definite  clinical  account  is  that,  reported  in  1800  by 
Sir  Gilbert  Plane  (1749-1834),  of  a  naval  officer,  aged  33  years,  who 
presented  neurological  symptoms  only,  especially  headache,  stupor, 
and  delirium ;  the  tumour  was  hard  and  the  size  of  a  nutmeg.  In 
1876  Dufhn  (1834-1913)  reported  a  case  which  Ferrier  (1843-1928) 
analysed  in  detail. 

Primary  pineal  tumours,  other  than  cysts,  have  been  variously 
classified ;  Ewing  (1928)  divided  them  into  teratomas  and  ependymal 
gliomas,  the  latter  group  including  pinealomas  and  pineoblastomas. 
Primary  pineal  tumours  vary  much  in  their  structure.  About  a 
quarter  of  them  are  said  to  be  teratomas,  of  which  Weigert  (1845- 
1904)  in  1875  gave  a  classical  account.  Marburg  in  1907  collected 
40  pineal  growths  which  he  divided  into  teratomas  and  mixed 
tumours  ;  Bailey  and  Jelliffe  in  1911  collected  59,  Horrax  70  in  1916, 
Haldeman  113  in  1927,  and  Berblinger  97  in  1929  ;  among  Berblinger’s 
97  cases  29  were  teratomas. 

Ihe  variations  in  the  histological  characters  of  primary  tumours 
of  the  pineal  body  have  been  correlated  by  Globus  and  Silbert  (1931) 
with  those  of  the  normal  pineal  at  different  ages.  The  name  pinealoma, 
introduced  by  Krabbe  (1915),  is  applied  to  tumours  composed  of 
voluminous  spherical  pineal  cells  with  large  vesicular  nuclei  and  may 
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show  typical  club-shaped  processes  (Bailey  and  Cushing,  1926); 
these  tumours  also  contain  small  cells,  and  have  also  been  called 
pinealocytomas  (Guillain,  Mollaret,  and  Bertrand,  1933).  Harris  and 
Cairns  (1932)  pointed  out  the  very  close  resemblance  between  these 
tumours  and  the  common  primary  growths  of  the  testis  which 
Chevassu  (1906)  regarded  as  carcinomas  derived  from  the  spermatic 
epithelium  and  called  seminomas ;  Ewing,  however,  spoke  of  them 
as  embryonal  carcinomas,  a  ‘one-sided  development  of  a  teratoma 
and  not  derived  from  adult  spermatoblasts  \  Harris  and  Cairns 
remarked  that  it  may  be  more  than  a  coincidence  that  the  pineal 
body  and  the  testis,  both  concerned  with  sexual  function,  should  be 
liable  to  the  same  kind  of  tumour.  Pineoblastomas  are  less  differen¬ 
tiated,  very  cellular,  containing  spongioblasts  but  not  neuroblasts 
(Bailey  and  Cushing,  1926),  rapidly  growing,  more  malignant  than 
pinealomas,  and  occurring  in  early  life  (Horrax  and  Bailey,  1925). 
Askanazy  (1921 )  described  a  chorion-epithelioma ;  gliomas  and  sarco¬ 
mas  have  been  reported,  but  these  might  now  be  differently  named. 
The  teratomas  nearly  always  arise  in  early  life  and  usually  from  the 
anterior  part  of  the  pineal;  Askanazy  (1906)  regarded  the  site  of 
origin  as  significant  of  a  relic  of  the  parietal  eye  in  lower  vertebrates. 
They  may  contain  teeth  (Bochner  and  Scarff,  1934). 

Melanoma.  A  primary  melanoma  was  recorded  by  Ogle  (1861  — 
1931)  in  1898.  Pigment  is  normally  present  in  some  of  the  pineal 
cells ;  another  possible  origin  is  the  melanophores  of  the  meninges ; 
Akelaitis  (1935)  collected  29  primary  melanomas  of  the  meninges. 

Pineal  growths  tend  to  compress  or  invade  the  adjacent  parts,  espe¬ 
cially  the  corpora  quadrigemina,  often  extend  along  the  vermes  of  the 
cerebellum  into  the  cerebellar  hemispheres,  occasionally  into  the 
third  ventricle,  or  even  into  the  lateral  ventricles  of  the  cerebrum, 
and  then  may  be  regarded  as  a  cerebral  glioma  (Globus,  1932). 

Ogle’s  case.  A  woman,  aged  32  years,  had  headache,  emaciation, 
choked  disks,  intermittent  right  hemiplegia  eventually  becoming 
absolute.  In  the  position  of  the  pineal  there  was  a  globular  tumour 
1|  inches  in  diameter.  It  was  composed  of  cells  of  all  shapes,  some 
giant  cells  but  chiefly  spindle  cells  ;  some  of  the  cells  contained  pigment, 
but  the  pigmentation  was  much  more  intense  in  a  diffuse  sarcoma  of 
the  surface  of  the  cerebrum ;  it  was  well  shown  in  a  coloured  plate  by 
E.  A.  Wilson  (1872-1912)  who  died  in  the  Antarctic  with  Robert  Scott. 
Byrom  Bramwell  (1888)  figured  a  similar  diffuse  layer  of  melanotic 
sarcoma,  but  it  did  not  appear  that  there  was  a  primary  pineal 
growth. 

The  clinical  manifestations  of  pineal  tumours  fall  into  two 
distinct  groups  ; 

(1)  Neurological,  which  may  be  either  (a)  general,  due  to  increased 
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intracranial  pressure  ;  from  their  position,  as  Mott  and  Barratt  (1900) 
and  Stopford  (1928)  pointed  out,  pineal  growths  may  by  downward 
pressure  obstruct  the  Sylvian  aqueduct  and  by  upward  pressure 
obstruct  the  great  vein  of  Galen.  Symptoms  of  increased  intracranial 
pressure  are  early  and  constant  (Horrax,  1927). 

(b)  Neighbourhood  symptoms  are,  as  in  tumours  of  the  pituitary, 
prone  to  occur  from  disturbance,  by  pressure  or  invasion,  of  adjacent 
parts  of  the  brain.  Thus  somnolence  (narcolepsy)  and  adiposity  may 
result  from  involvement  of  the  hypothalamic  region.  Interference 
with  the  corpora  quadrigemina,  the  third  and  the  lateral  ventricles, 
and  the  cerebellum  will  cause  symptoms  resembling  those  of  tumours 
arising  in  those  positions.  Pressure  may  be  exerted  on  the  ocular 
nerves  and  thus  produce  double  ptosis  and  inability  to  look  upward, 
loss  of  pupillary  reflexes,  a  modified  Argyll  Robertson  pupil,  and 
other  ocular  paralyses  ;  blindness  from  optic  atrophy  or  from  involve¬ 
ment  of  the  inferior  corpora  quadrigemina  and  lateral  lemnisci; 
bilateral  deafness  may  also  occur.  Psychical  disturbances,  amnesia, 
and  maniacal  excitement  have  also  been  recorded. 

Globus  (1932)  reported  two  cases  in  which,  with  involvement  of  the 
lateral  ventricles  of  the  brain,  there  was  a  raised  temperature  ;  this  was 
tentatively  ascribed  to  derangement  of  the  heat  centre. 

The  association  in  adults  of  ocular  paralysis  and  narcolepsy  may 
suggest  a  diagnosis  of  epidemic  encephalitis  (Alajouanine,  1925; 
Guillain,  Mollaret,  and  Bertrand,  1933). 

In  addition  to  direct  pressure  on,  or  invasion  of,  the  brain  by  the 
pineal  tumour,  hydrocephalus  due  to  obstruction  of  the  Sylvian 
aqueduct  may  cause  symptoms. 

Raymond  and  Claude  (1910)  reported  the  case  of  a  boy,  aged  10 
years,  with  a  glioma  of  the  pineal,  who  had  had  symptoms  for  three 
years ;  he  was  blind,  fat,  with  partial  precocity  of  the  secondary  sex 
characters,  and  increased  size  of  the  head  from,  as  the  necropsy  showed, 
separation  of  the  sutures.  There  was  enormous  internal  hydrocephalus 
■due  to  obstruction  of  the  Sylvian  aqueduct  by  a  hard  tumour  of  the 
pineal.  The  pituitary  was  compressed  and  atrophied.  The  testes 
small,  though  the  interstitial  glandular  tissue  appeared  active ;  and 
the  adrenals  showed  cortical  adenomas  and  a  well-developed  medulla. 
The  obesity  may  be  explained  by  the  secondary  pressure  exerted  on 
the  hypothalamus. 

(2)  Metabolic  manifestations  of  precocious  development  of  the 
external  male  genitals,  and  also  of  the  body  as  a  whole.  In  1907 
Marburg  suggested  that  pineal  lesions  in  early  life  may  give  rise  to 
three  clinical  endocrine  pictures:  (a)  premature  genital  develop¬ 
ment  (hypopinealism),  ( b )  cachexia  (apinealism),  and  (c)  universal 
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adiposity  (hyperpinealism).  But  the  adiposity  has  since  been  as¬ 
cribed  to  secondary  disturbance  in  the  floor  of  the  third  ventricle. 

The  striking  changes  in  precocious  development,  especially  of  the 
secondary  sex  characters  and  genital  organs,  and'  height,  have  been 
termed  the  pineal  syndrome,  macrogenitosomia  praecox  (Pellizzi, 
1910),  proteleiosis  (Berblinger,  1929),  and  praecocitas  psychosomo- 
genitalis  (Askanazy,  1920).  Skeletal  growth  rapidly  progresses 
during  the  first  five  or  six  years  of  life,  and  is  then  arrested  by  union 
of  the  epiphyses.  This  syndrome  occurs  in  boys,  and  in  a  minority 
only  of  boys  with  pineal  tumours.  They  are  very  rare  ;  in  1911  Bailey 
and  Jelliffe  collected  7  cases ;  in  1923  Izawa  brought  the  number  up 
to  14,  all  but  one  in  boys,  the  only  exception  being  Askanazy  and 
Brack’s  case  (1921)  of  a  female  idiot,  aged  23  years,  with  sexual 
precocity  from  the  age  of  2  years,  and  a  rudimentary  pineal.  In 
1926  Termeer  brought  the  number  in  boys  up  to  22. 

There  is  perhaps  an  analogy  with  the  state  of  knowledge  once 
existing  about  the  relation  of  pituitary  tumours  and  acromegaly, 
before  it  became  established  that  acromegaly  was  due  to  one  form 
only  of  pituitary  tumour — the  eosinophil- celled  adenoma  of  the 
anterior  lobe.  Pineal  macrogenitosomia  praecox  is  stated  to  be  almost 
always  associated  with  a  pineal  teratoma;  Marburg  (1920)  believed 
that  the  tumour  by  destroying  or  inhibiting  the  pineal  removes  a  hor¬ 
monal  influence  controlling  the  onset  of  sexual  maturity.  On  the  other 
hand,  it  has  been  suggested  that  the  teratoma,  as  a  result  of  the 
growth -stimulating  power  of  embryonic  tissue,  directly  causes  the 
sexual  changes  (Askanazy,  1910).  But,  as  pointed  out  by  Krabbe 
(1923),  teratomas  in  other  parts  of  the  body  are  rarely  associated 
with  macrogenitosomia.  In  a  boy  with  sexual  precocity  a  teratoma 
with  large  cells  resembling  the  interstitial  cells  of  the  testis  was 
found  by  Boehm  (1919)  who  therefore  argued  in  favour  of  an  inter¬ 
relation  between  the  testis  and  the  pineal. 

Precocious  puberty  may  be  associated  with  tumours  or  hyper¬ 
plasia  of  the  adrenal  cortex,  tumours  of  the  pineal,  and  of  the  hypo¬ 
thalamus  and  midbrain,  inflammation  of  the  midbrain,  and  tumours 
of  the  gonads.  La  Marquand  and  Russell  (1935)  concluded  that  the 
mechanism  common  to  all  these  lesions  was  a  stimulating  influence 
exerted  on  the  anterior  pituitary  through  the  hypothalamus  which  is 
influenced  by  chemical  or  other  stimuli  originating  in  the  adrenal 
cortex,  gonads,  pineal,  or  locally. 

The  sex  incidence  of  pineal  macrogenitosomia,  which  is  practically 
confined  to  boys,  contrasts  with  the  adreno- cortical  syndrome,  which 
is  commoner  in  females;  Lisser  (1933)  could  collect  9  cases  only  of 
the  adreno-cortical  syndrome  in  boys.  The  mechanism  of  the  pineal 
manifestations  may  differ  from  that  of  the  adreno-cortical  syndrome, 
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namely  the  removal  of  an  inhibitory  influence  on  growth,  whereas 
in  the  adrenal  form  there  would  appear  to  be  a  positive  growth 
stimulus  at  work. 

The  earliest  case  of  precocious  puberty  reported,  at  least  in  this 
country,  was  that  of  a  boy  aged  6  years,  by  Cyril  Ogle  in  1899.  The 
tumour  described  as  an  alveolar  sarcoma  with  haemorrhages  and 
cysts  has  since  been  assumed  to  have  been  ‘indubitably’  a  teratoma 
(Krabbe,  1923). 

Dr.  J.  G.  Greenfield,  who  examined  the  tumour  afresh  in  1934 
kindly  wrote  that  he  ‘found  (I)  large  canals  lined  by  columnar 
epithelium  and  (2)  syncytial  masses  of  cytoplasm  containing  many 
large  nuclei ;  he  could  find  no  tissue  resembling  that  of  a  true  pineal 
tumour,  but  as  only  a  small  area  was  examined  and  as  much  of  the 
tissue  was  degenerated  and  haemorrhagic,  Iris  examination  did  not 
exclude  the  j^resence  of  such  tissue.  He  considered  that  the  presence 
of  the  two  above-mentioned  types  of  tissue  does  not  prove  that  the 
tumour  is  teratomatous,  as  both  have  been  found  with  some  frequency 
in  tumours  of  the  pineal  in  which  other  areas  have  the  structure  of 
true  tumours  of  the  pineal.  It  is  possible  that  these  structures  are 
derived  from  vestigial  structures  in  the  neighbourhood  of  the  pineal 
seeing  that  ( 1 )  columnar  epithelium  is  found  lining  cysts  in  the  third 
ventricle,  which  are  supposed  to  be  derived  from  the  paraphysis,  and 
(2)  Laignel-Lavastine  has  found  cysts  lined  with  epithelium  in  the 
pineals  of  aged  subjects.’ 

The  case  published  in  1899  by  Heubner  (1843-1926)  was  also 
recorded  by  Oestreich  and  Slawyk  (1899);  this  case,  described  as  a 
psammo-sarcoma,  was  regarded  as  a  teratoma  by  Askanazy. 

Obesity  in  a  greater  or  less  degree  is  common.  As  a  remarkable 
example  of  adiposity  attention  may  be  called  to  the  case  reported 
in  1888  by  Daly  of  a  man  who  in  the  last  three  months  of  life  put  on 
five  stones  in  weight.  In  Oestreich  and  Slawyk’s  case  (1899)  of  a 
boy  aged  4  years  there  was  bilateral  mammary  enlargement,  and 
Maranon  (1932)  recorded  2  cases  of  unilateral  gynaecomastia  on  the 
left  side;  but,  as  Parkes  Weber  (1928)  showed,  this  condition  in 
males  is  not  characteristic  of  primary  disorder  of  any  one  endocrine 
gland.  It  may,  like  other  precocious  sexual  developments,  be  due 
to  imbalance  of  the  endocrine  equilibrium.  In  exceptional  instances 
there  is  cachexia  resembling  that  in  Simmonds’s  disease. 

Baudouin,  Lhermitte,  and  Lereboullet  (1932),  in  recording  a  hae- 
mangiopinealoma  with  a  metastatic  growth  in  the  wall  of  the  third 
ventricle,  discussed  the  causation  of  cachexia  and  after  mentioning 
possible  causes,  such  as  disease  of  the  pituitary  and  of  the  pineal, 
concluded  that  tumours  confined  to  the  pineal  do  not  cause  cachexia, 
and  that  in  their  case  it  may  have  been  due  to  the  secondary  growth 
in  the  wall  of  the  third  ventricle.  Salmon  (1933),  however,  ascribed  the 
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cachexia  to  a  widespread  endocrine  deficiency  secondary  to  the  changes 
in  the  pituitary. 

Some  patients  have  been  mentally  precocious  and  ‘wise  beyond 
their  years’  (Howell,  1910):  Frankl-Hochwart  in  1909  described  a  boy 
aged  5^  years  with  the  physical  development  of  15  years  who  ‘spent 
much  time  in  discussing  the  immortality  of  the  soul  and  the  life  after 
death’,  thus  recalling  Descartes’s  speculation  about  the  function  of 
the  pineal. 

As  a  group  of  symptoms,  such  as  obesity,  somnolence,  diabetes 
insipidus,  and  genital  dystrophy,  due  to  changes  in  the  hypothalamus 
and  about  the  third  ventricle,  may  be  produced  by  tumours  in  the 
pituitary  region,  congenital  hypophyseal  duct  tumours,  suprasellar 
meningiomas,  and  growths  in  the  neighbourhood  of  the  third  ven¬ 
tricle,  the  diagnosis  between  pineal  tumours  and  midbrain  and 
cerebellar  growths  may  be  very  difficult,  or  scarcely  possible  without 
ventriculography  (Cushing,  1932). 

Treatment.  In  the  discussion  on  Hinds  Howell’s  paper  (1910) 
Gordon  Holmes  pointed  out  that  some  pineal  tumours  could  be 
removed,  and  this  has  been  done  by  various  routes,  of  which  that 
utilized  by  Rorschach  (1913)  and  Dandy  (1921 )  is  the  most  promising  ; 
but  the  difficulties  are  considerable  and  the  results  vary  accordingly. 
Cushing  (1932)  ’never  succeeded  in  exposing  a  pineal  tumour  suffi¬ 
ciently  well  to  justify  an  attempt  to  remove  it’,  and  estimated  the 
case  mortality  at  100  and  the  operative  mortality  at  75  per  cent. ; 
but  he  referred  to  successful  operations  by  van  Wagenen  (1931), 
Cairns  (1932),  and  Horrax  (1936).  Harris  and  Cairns  found  a 
pinealoma  extremely  sensitive  to  irradiation. 

Secondary  growdhs  in  the  pineal  are  rare;  Willis  (1933)  collected 
3  only:  Forster  (1858),  Church  (1869)  by  extension  from  a  metastasis 
in  the  dura  mater,  both  from  primary  intrathoracic  tumours,  and 
Riasi  (1926)  secondary  to  mammary  carcinoma;  Calvet  (1934)  re¬ 
ferred  to  4  other  cases  secondary  to  mammary  growths  and  to  others 
secondary  to  cutaneous  malignant  disease. 

Akelaitis,  A.  J.  E.,  Am.  Journ.  Path.,  Boston,  1935,  xi.  391 ;  Ala jouanine , 
Bull,  et  mem.  Soc.  med.  d.  hop.  de  Paris,  1925,  3  s.,  xlix.  1299;  Askanazy,  M., 
Verhandl.  d.  deutschen  path.  Gesellsch.,  Jena,  1906,  x.  58;  idem,  Ztschr.f.  Krebs- 
forsch.,  Jena,  1910,  ix.  393  ;  idem,  Frankfurt.  Ztschr.f.  Path.,  Wiesb.,  1920,  xxiv. 
58;  Askanazy,  M.,  und  Brack,  W.,  Virchows  Arch.,  1921,  ccxxxiv.  1 ;  Bailey, 
P.,  and  Cushing,  H.,  A  Classification  of  Tumours  of  the  Glioma  Group,  Phila., 
1926;  Bailey,  P.,  and  Jelliefe,  S.  E.,  Arch.  Int.  Med.,  Chicago,  1911,  viii.  851 ; 
Baudouin,  A.,  Lhermitte,  J.,  et  Lereboullet,  J.,  Rev.  neurol.,  Paris,  1933, 
xxxix.  984;  Berblinger,  W.,  Deutsche  med.  Wchnschr.,  1929,  lv.  1956;  Biasi, 
W.,  Virchows  Arch.,  1926,  cclxi.  885;  Blane,  G.,  Trans.  Soc.  Improv.  Med. 
and  Chir.  Knowl.,  Lond.,  1800,  ii.  198;  Bochner,  S.  J.,  and  Scarff,  J.  E., 
Am.  Journ.  Path.,  Boston,  1934,  x.  696;  Boehm,  Inaug.  Diss.  Heidelberg,  1919, 
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CHAPTER  XI 


THE  CAROTID  BODY 

Synonyms :  Carotid  or  Intercarotid  Gland;  Ganglion  Minutum; 
Intercarotid  Arterial  Glomerulus  (Arnold);  Glomus  Caro- 
ticum;  Inter-  or  Retro-Carotid  Corpuscle  (Andersch,  1797 ; 
Rieffel,  1892);  Paraganglion  caroticum  (Kohn,  1900). 

It  was  described  by  Albrecht  von  Haller  (1708-77)  in  1743  as  gang¬ 
lion  exiguum,  by  his  pupil  J.  E.  X.  Neubauer  (1742-77)  in  1772, 
and  by  K.  S.  Andersch  ( ob .  1777)  who  regarded  it  as  a  nervous  struc¬ 
ture  and  called  it  the  ganglion  inter  caroticum.  The  first  real  account 
of  its  histological  appearances  was  given  in  1862  by  H.  Luschka 
(1820-75)  who  considered  that  it  was  a  glandular  structure.  J. 
Arnold  (1835-1915),  however,  argued  in  1865  that  it  was  a  glomeru¬ 
lus-like  body  and  composed  of  blood-vessels,  a  view  that  Alexander 
Macalister  (1844-1919)  expressed  in  1899  by  saying  that  it  was  the 
remains  of  a  vascular  rete.  Kohn  in  1903  described  the  cells  as 
chromaffin  and  resembling  those  in  the  adrenal  medulla,  a  para¬ 
ganglion  and  part  of  the  chromaffin  system — a  view  even  now  not 
finally  established. 

Embryology.  Its  origin  has  been  differently  explained:  (1)  from 
the  endothelium  or  perithelium  of  the  carotid  arteries;  (2)  from  the 
pharyngeal  epithelium.  Macalister  in  1889  stated  that  it  probably 
arises  from  the  second  visceral  cleft  ;  according  to  Keith  (1921; 
1933)  it  is  ‘developed  near,  and  partly  from,  the  third  pharyngeal 
recess  with  the  thymus  ’,  but  he  added  that  in  the  carotid  fork  nerve- 
cells  assemble  from  the  superior  cervical  ganglion  of  the  sympathetic, 
there  being  numerous  fibrils  connecting  the  ganglion  and  the  carotid 
body;  (3)  from  the  chromophil  system.  Kohn  from  1900  showed 
that  it  developed  from  ganglion  cells  of  the  inter  carotid  plexus.  In 
1924  Smith  described  a  mesodermal  origin  from  the  third  mesodermal 
arch  and  a  nervous  origin  from  embryonic  sympatho- chromaffin 
cells  of  the  cervical  sympathetic.  From  histological  examination  of 
carotid  body  tumours  Chase  (1933)  supported  the  neuro-ectodermal 
origin  of  the  carotid  body. 

Anatomy.  The  carotid  body  is  about  1  to  3  mm.  in  diameter, 
about  the  size  of  a  grain  of  wheat,  is  situated  behind  the  bifurcation 
of  the  common  carotid,  and  in  life  is  greyish-red  to  purple-red  in 
colour  (Bevan  and  McCarthy,  1929).  It  is  composed  of  a  fibrous 
capsule  which  sends  in  trabeculae  dividing  it  into  lobules.  Wide 
capillaries  are  enclosed  by  polyhedral  cells,  some  of  which  stain 
brown  with  chromic  acid  (Stilling  (1853-1911),  1892;  Kohn,  1900), 
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and  are  said  to  contain  a  chromaffin-like  pigment.  The  presence  of 
adrenaline,  however,  has  been  denied  (Aszodi  and  Paunz,  1923: 
de  Castro,  1927 ;  Chase,  1933). 

The  nerve-supply  is  rich,  and  comes  from  the  pharyngeal  branch 
of  the  glossopharyngeal  and  the  superior  cervical  ganglion  of  the 
sympathetic.  The  existence  of  a  branch  from  the  vagus  has  been  dis¬ 
puted.  The  nerve-fibres  form  plexuses  in  the  substance  of  the  carotid 
body  and  end  on  its  blood-vessels  and  cells.  With  advancing  years 
the  carotid  body  increases  in  size  from  fibrosis  which  is  associated 
with  and  proportional  to  endarterial  change  in  the  carotids  (Gomez 
1908). 

The  blood-supply,  also  considerable,  consists  of  three  to  five 
branches  from  the  bifurcation  of  the  common  carotid,  or  according 
to  Bevan  and  McCarthy  from  the  external  carotid.  The  blood -supply 
is  conveyed  in  the  fibro-elastic  ligament  of  Mayer  (1865).  A  sinu¬ 
soidal  capillary  area  intervenes  between  the  arteries  and  the  veins. 
Nothing  is  known  about  the  lymphatics. 

From  a  study  of  its  embryology  and  comparative  anatomy  Chris- 
tianna  Smith  (1924)  concluded  that  there  was  not  any  evidence  to 
include  the  carotid  body  among  the  endocrine  organs,  an  opinion 
directly  opposed  to  that  of  Mulon  (1904),  who  described  it  as  an  acces¬ 
sory  medullary  adrenal,  and  to  that  of  Dean  Lewis  and  Geschickter 
(1934).  It  has  been  suggested  that  the  carotid  body  acts  in  the  same 
way  as  the  carotid  sinus  in  the  regulation  of  blood-pressure.  Betke 
(1915)  reported  that  excision  of  the  carotid  bodies  was  followed  by 
rickets,  but  this  has  not  been  confirmed. 

Investigation  of  extracts  of  the  carotid  body  has  given  contradictory 
results :  Mulon  ( 1 904)  obtained  a  pressor  effect  and  an  increased  pulse- 
rate  ;  Gomez  in  1908  and  Collip  in  one  of  Chase’s  cases  (1933)  reported 
a  depressor  effect.  Christie  (1933)  described  an  active  principle,  which 
he  called  ‘carotidine  with  an  action  on  the  blood-pressure,  pulse, 
and  uterus  diametrically  opposite  to  that  of  adrenaline,  and  different 
from  that  exerted  by  acetyl-choline,  adenylic  acid,  kallikrein,  and 
histamine. 

Tumours.  In  1888  Jonathan  Hutchinson  (1828-1913)  gave  a 
clinical  account  of  ‘submastoid  potato-tumours’,  of  which  he  had 
seen  at  least  eight  examples.  The  first  full  pathological  account  was 
given  in  1891  by  Felix  Marchand  (1846-1928)  of  Leipzig,  who  estab¬ 
lished  the  origin  of  the  tumours  in  the  carotid  body,  and  called  them 
alveolar  angio- sarcomas  derived  from  perithelium ;  in  the  following 
year  Paltauf  (1858-1924)  recorded  4  cases  as  peritheliomas;  Kauf- 
mann  and  Ruppanner  (1905)  also  employed  the  term  alveolar 
sarcoma  and  compared  them  to  hamartomas  in  which  all  the  tissues 
of  the  gland  persist;  in  1903  Reclus  (1847-1914)  and  Chevassu 
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reported  a  case  and  collected  10  others,  Keen  (1837-1932)  and  Funke 
in  1906  analysed  29  cases,  and  Lund  in  1917  collected  80  cases. 
In  1924  Cade  referred  to  78  reported  cases,  but  accepted  34  only; 
in  1929  Bevan  and  McCarthy  analysed  134  cases,  in  1930  Ferrero 
collected  148  cases,  and  in  1931  Rankin  and  Wellbrock  brought 
the  number  up  to  196.  They  usually  occur  between  the  ages  of  35 
and  50;  the  extremes  in  Lewis  and  Geschickter’s  series  (1934)  were 
7  and  68  years,  and  the  duration  from  1  to  35  years. 

Various  names  have  been  given  to  these  ‘  potato 5  tumours :  adenoma 
(Reid,  1920),  endothelioma,  perithelioma,  angio-sarcoma ;  paragan¬ 
glioma  (Alexais  and  Peyron,  1908)  was  said  by  Lewis  and  Geschickter 
(1934)  to  be  best  exemplified  by  these  tumours  which  others  have 
also  regarded  as  chromaffinomas.  Cragg  (1934)  reported  concurrent 
tumours  in  the  carotid  and  Zuckerkandl’s  bodies  {vide  p.  315).  The 
arrangement  of  the  tumour  is  usually  alveolar,  well-defined  cell 
nests  being  separated  by  a  delicate  stroma.  Apart  from  infiltration 
of  adjacent  parts  or  obvious  metastases  it  may  be  very  difficult  on 
histological  grounds  to  decide  that  the  tumour  is  malignant.  They  are 
usually  encapsuled,  slow-growing,  and  therefore  assumed  to  be  benign  ; 
according  to  Bevan  and  McCarthy  85  per  cent,  of  the  cases  are  of 
this  character.  Out  of  150  collected  cases  4  only  were  regarded  as 
malignant  (Bertrand  and  Salvage,  1934).  Histologically  the  cells  of 
the  tumour  may  contain  a  chromaffin-like  pigment.  The  presence 
of  medullated  nerve-fibres  has  been  demonstrated  (de  Castro,  1927  ; 
Chase).  Bilateral  tumours  are  very  rare  ;  among  the  134  cases 
collected  by  Bevan  and  McCarthy  there  were  3 ;  since  then  cases 
have  been  reported  by  Rankin  and  Wellbrock  and  by  Chase.  Though 
bilateral,  their  appearance  was  not  necessarily  synchronous ;  in 
Lund’s  case  16  years  separated  the  detection  of  the  tumours  on  the 
two  sides. 

In  1882  Shattock  (1852-1924)  raised,  but  only  to  abandon,  the 

possible  origin  in  a  carotid  gland  of  a  teratoma  in  the  position  of  the 

thyroid  isthmus. 

Clinical  Picture.  The  course  is  usually  very  slow,  but  in  rare 
instances  metastases  have  appeared  rapidly.  Reid  (1920)  correlated 
the  presence  of  a  tumour  with  yelloAvish  pigmentation  of  the  body, 
flushing  of  the  head  and  neck,  and  an  apathetic  mental  state.  Symp¬ 
toms  are  mainly  due  to  pressure ;  pain  may  thus  be  caused  in  the 
branches  of  the  cervical  plexus  and  paralysis  of  the  vocal  cords  may 
be  produced.  Attacks  of  faintness  and  dyspnoea  and,  as  a  result  of 
digital  pressure  on  the  tumour,  vertigo  were  observed  by  Cade ; 
Dunlop  (1932)  reported  evidence  of  vagus  stimulation.  The  tumours 
are  oval,  pulsate  expansilely,  carry  the  carotids  with  them,  have 
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good  Lateral  but  poor  vertical  mobility  (Keen  and  Funk  ;  Reid),  may 
give  rise  to  a  murmur  and  a  thrill,  and  tend  to  bulge  into  the  pharynx 
without  causing  ulceration  (D.  Lewis  and  Geschickter). 

The  close  neighbourhood  of  the  carotid  body  to  the  carotid  sinus 
naturally  suggests  that  the  carotid  sinus  reflex  might  be  seriously 
affected  by  the  presence  of  a  tumour. 

Among  1 5  patients  in  whom  the  carotid  sinus  reflex  was  hyper¬ 
active  there  were  6  in  whom  the  carotid  sinus  was  aneurysmal,  and 
3  in  whom  a  small  tumour  (not  stated  to  be  of  the  carotid  body)  was 
found  (Weiss  and  Baker,  1933);  but  these  lesions,  though  bearing 
directly  on  the  hyperactivity  of  the  reflex,  were  not  the  sole  underlying 
cause  of  hyperactivity  of  this  reflex. 

Among  Bevan  and  McCarthy’s  134  cases  a  correct  diagnosis  before 
operation  was  made  in  14  only. 

Operative  removal  is  rendered  dangerous  because  ligature  of  the 
common  or  internal  carotid  may  be  necessary.  Bevan  and  McCarthy 
opposed  surgical  interference  on  the  grounds  that  ligature  of  the 
carotids  has  been  attended  by  a  30  per  cent,  mortality  and  that  the 
tumours  are  usually  not  malignant;  they  reported  a  good  result 
from  X-ray  treatment,  but  Birman  (1924)  and  Lewis  and  Geschickter 
stated  that  the  growths  do  not  respond  to  irradiation. 
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Inaug.  Diss.,  Lausanne,  1892,  quoted  by  Kohn,  1900;  Weiss,  S.,  and  Baker, 
J.  P.,  Medicine,  Baltimore,  1933,  xii.  297. 


CHAPTER  XII 

THE  COCCYGEAL  BODY 

Synonyms-.  Luschka’s  Gland;  the  Coccygeal  Glomerulus; 

Glomus  Coccygeum. 

This  structure  was  discovered  and  described  in  1860  by  Herbert 
von  Luschka  (1820-75)  as  the  coccygeal  or  nervous  gland  of  the  pelvis 
containing  glandular  tubules  and  ganglion  cells.  But,  as  in  the 
case  of  the  carotid  body,  J.  Arnold  (1835-1915)  in  1865  concluded 
that  it  was  a  vascular  organ  composed  of  fusiform  dilatations  of  the 
terminal  branch  of  the  median  sacral  artery  which  in  1868  Macalister 
(1844-1919)  called  the  middle  coccygeal  artery,  and  from  which  the 
coccygeal  body  can  be  readily  injected.  Arnold,  who  failed  to  con¬ 
firm  the  presence  of  nerve- cells,  therefore  suggested  as  a  more  appro¬ 
priate  name:  glomerulus  arterio-coccygeus.  With  Arnold’s  views 
Meyer,  Macalister,  Eberth  (1835-1911)  in  1870,  and  von  Schumacher 
in  1907  agreed. 

Anatomy.  About  the  size  of  a  pea  and  with  a  diameter  of  2 
to  2-5  mm.,  it  is  sometimes  divided  into  three  to  six  more  or  less 
distinct  lobules.  It  is  embedded  in  fat  and  connective  tissue  on 
the  ventral  surface  of  the  tip  of  the  coccyx,  just  above  the  coccygeal 
attachment  of  the  sphincter  ani,  and  has  a  pedicle  containing  the 
median  sacral  artery  and  nerve -fibres. 

In  1889  Macalister  suggested  that  the  interstitial  tissue  is  ‘possibly 
a  small  persisting  fragment  of  the  neurenteric  canal’.  The  vessels 
are  surrounded  by  polygonal  cells  which  do  not  give  a  chromaffin 
reaction  (Thomson  Walker,  1904)  either  in  foetal  or  post-foetal  life 
(Stoerk,  1916),  and  according  to  von  Schumacher  (1908)  are  modified 
smooth  muscle- cells  of  the  media  of  the  arterial  branches.  Among 
these  cells  Eberth  on  one  occasion  saw  cell  masses  resembling  the 
concentric  corpuscles  described  in  the  thymus  by  Hassall  in  1849. 
Von  Schumacher  described  these  again  in  1908  as  lamellar  corpuscles. 
The  coccygeal  body  is  not  richly  supplied  with  nerves  or  intimately 
connected  with  the  sympathetic  (Thomson  Walker);  subsequent 
observers  have  not  confirmed  von  Luschka’s  statement  that  it  con¬ 
tains  ganglion  cells.  The  general  histological  picture  somewhat 
resembles  that  of  the  carotid  body  (vide  p.  471).  There  is  not  any 
definite  evidence  that  the  coccygeal  body  provides  an  internal  secre¬ 
tion. 

Tumours.  Von  Luschka  thought  that  it  would  prove  to  be  the 
origin  of  various  sacro- coccygeal  tumours,  and  in  1888  Jonathan 
Hutchinson  (1828-1913)  seconded  this  suggestion.  But  following 
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Middeldorpf  (1895)  these  tumours  have  been  regarded  as  derived 
from  either  the  post -anal  gut,  or  the  neurenteric  canal  which  in  the 
foetus  forms  a  communication  between  the  posterior  portion  of  the 
alimentary  canal  and  the  end  of  the  primitive  nervous  grove ;  they 
have  sometimes  been  called  ‘Middeldorpf  tumours’.  In  the  case 
reported  by  Schmidt  (1863-  )  in  1888  the  coccygeal  body  was 

found  intact  close  to  a  sacro- coccygeal  tumour.  Morley  Fletcher  and 
Waring  (1900)  reported  two  such  growths,  one  of  which  was  regarded 
as  arising  in  the  post-anal  gut,  the  other  in  the  neurenteric  canal. 
The  following  tumours  have  been  reported  as  arising  in  the  coccygeal 
body:  a  cystic  hygroma  (Braune,  1862),  an  angio-sarcoma  (Buzzi, 
1887),  a  perithelioma  (Hleb-Ivosznanska,  1904),  and  a  teratoma. 
C.  H.  Mayo  (1916)  supported  the  origin  of  tumours  from  the  coccygeal 
body.  Alexais  and  Peyron  in  1908  considered  that  tumours  arising 
in  it  were  epithelial  and  paragangliomas  or  chromaffin- celled  growths. 

Alexais  et  Peyron,  Compt.  rend.  Soc.  biol.,  Paris,  1908,  lxv.  745;  Arnold,  J., 
Virchows  Arch.,  1865,  xxxii.  293;  Braune,  Die  Doppelbildungen  und  ange- 
borenen  GeschwiXlste  der  Kreuzbeingegend,  1862;  Buzzi,  F.,  Virchows  Arch., 
1887,  cix.  9;  Eberth,  K.  J.,  in  Strieker’s  Human  and  Comparative  Histology, 
New  Sydenham  Soc.,  1870,  i.  292 ;  Fletcher,  H.  M.,  and  Waring,  H.  J.,  Trans. 
Path.  Soc.  Lond.,  1900,  li.  226  ;  Hleb-Kosznanska,  Marie,  Beitr.  z.  path.  Anat. 
u.  z.  allg.  Path.,  Jena,  1904,  xxxv.  589  ;  Hutchinson,  J.,  Illustrations  of  Clinical 
Surgery,  Lond.,  1888,  ii.  39;  Luschka,  H.  von,  Virchows  Arch.,  1860,  xviii.  106; 
Macalister,  A.,  Brit.  Med.  Journ.,  1868,  i.  25;  idem,  A  Text-book  of  Human 
Anatomy,  Lond.,  1889,  p.  354;  Mayo,  C.  H.,  Surg.,  Gyn.,  and  Obst.,  Chicago, 
1916,  xxii.  1 1 ;  Middeldorpf,  A.  K.,  Virchows  Arch.,  1885,  ci.  37  ;  Schumacher, 
S.  von.  Arch.  f.  mikr.  Anat.,  Bonn,  1908,  lxxi.  58;  Schmidt,  M.  B.,  Virchows 
Arch.,  1888,  cxii.  37;  Stoerk,  O.,  Arch.  f.  mikr.  Anat.,  Bonn,  1907,  lxix.  322; 
Walker,  J.  W.  T.,  ibid.,  1904,  lxiv.  121. 


CHAPTER  XIII 


LIVER,  STOMACH,  SPLEEN 

The  liver,  which  occasioned  Claude  Bernard’s  description  in  1855 
of  the  internal  secretion  of  glycogen  and  of  the  external  secretion  of 
bile,  is  not  usually  grouped  with  the  other  endocrine  glands ;  but  in 
addition  to  sugar  it  secretes  a  number  of  ferments  which  play  their 
part  in  the  protein  and  lipoid  metabolic  processes  which  go  on  in  the 
largest  gland  of  the  body.  The  effects  of  failure  of  these  enzymes, 
which  must  in  the  case  of  the  liver  be  regarded  as  internal  secretions, 
are  seen  in  some  of  the  diseases  which  A.  E.  Garrod  (1857-1936) 
described  as  the  ‘Inborn  Errors  of  Metabolism’  (1909)  or  ‘chemical 
malformations’  such  as  alkaptonuria. 

Stomach 

Following  the  discovery  of  secretin  in  the  duodenum,  Edkins 
(1905)  described  gastric  secretin  or  gastrin,  obtained  from  the  mucous 
membrane  of  the  pylorus,  which  when  injected  into  the  blood-stream 
brought  a  flow  of  gastric  juice  from  the  fundus.  This  was  thought  to 
depend  on  the  presence  of  a  pro-gastrin  in  the  pyloric  mucosa  which 
is  liberated  in  the  presence  of  dilute  acid  dextrin  or  albumose.  This 
sequence  has  been  confirmed,  but  the  so-called  gastrin  has  been  shown 
to  resemble  histamine  (Dale  and  Laidlaw,  1911). 

The  anti-anaemic  principle  which  Castle  and  his  co-workers  (1929) 
and  Wilkinson  and  Klein  (1932)  showed  was  formed  by  the  stomach 
and  stored  in  the  liver  was  called  haemopoietin  by  the  latter.  This 
was  described  as  a  gastric  hormone  by  Morris  and  his  co-workers 
(1932),  and  called  ‘addisin’. 

Secretin  was  discovered  in  1902  by  Bayliss  and  Starling,  and  was 
the  cause  of  the  introduction  of  the  terms  ‘chemical  messengers’  and 
‘hormones’  (vide  p.  1).  It  stimulates  the  secretion  of  Brunner’s 
glands  (Florey  and  Harding,  1935)  as  well  as  that  of  the  pancreas. 

Bayliss,  W.  M.,  and  Starling,  E.  H.,  Journ.  Physiol.,  1902,  xxviii.  325; 
Castle,  \\  .  B.,  et  al.,  Am.  Journ.  Med.  Sc.,  Phila.,  1929,  clxxviii.  764;  Dale, 
H.  H.,  and  Laidlaw,  P.  P.,  Journ.  Physiol.,  1911,  xliii.  182;  Edkins,  J.,  Proc. 
Roy.  Soc.  B.  1905,  lxxvi.  376;  Florey,  H.  W.,  and  Harding,  H.  E.,  Quart. 
Journ.  Exper.  Physiol.,  Bond.,  1935,  xxv.  329;  Morris,  R.  S.,  Schiff,  L., 
Burger,  G.,  and  Sherman,  J.  E.,  Journ.  Am.  Med.  Assoc.,  Chicago,  1932, 
xcviii.  1080;  Wilkinson,  J.  F.,  and  Klein,  L.,  Lancet,  1932,  i.  719. 

The  Spleen 

Glisson  (1597-1677)  in  1654  and  Wharton  (1614-73)  in  1656  sug¬ 
gested  that  the  spleen  excreted  an  aqueous  fluid  for  the  nerves. 
Schenk  (1619-71)  in  1662  believed  that  it  purified  the  blood,  and 
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Clopton  Havers  (ob.  1702)  in  1691  perhaps  more  clearly  showed  a 
glimmering  of  an  endocrine  view  in  the  statement  that  the  spleen 
elaborated  a  fluid  which  entering  the  blood  passed  all  over  the  body. 
T.  G.  Hake  (1809-95)  in  1843  described  the  spleen  as  a  diverticulum 
for  venous  blood,  thus  adopting  the  vascular  shunt  idea  previously 
applied  to  the  thyroid  (vide  p.  150).  In  1854  in  an  essay  on  The 
Structure  and  Use  of  the  Spleen,  which  was  awarded  the  Astley 
Cooper  prize  for  the  previous  year,  Henry  Gray  (1827-61),  then 
surgical  curator  of  the  pathological  museum  of  St.  George’s  Hos¬ 
pital,  definitely  stated  that  the  function  of  the  spleen  was  to  regulate 
the  quantity  and  quality  of  the  blood,  and  ‘acts  under  certain 
circumstances  as  a  reservoir  for  blood  ’ .  It  is  interesting  that  seventy 
years  later  another  alumnus  of  St.  George’s  Hospital,  Joseph  Bar- 
croft,  professor'  of  physiology  in  the  University  of  Cambridge,  con¬ 
firmed  and  much  expanded  Gray’s  view  that  the  spleen  plays  an 
important  part  as  a  reservoir  for  the  blood  and  in  controlling  the 
amount  in  the  general  circulation. 

Like  the  lymphatic  glands  and  the  red  bone-marrow  the  spleen  is 
concerned  in  maintaining  the  composition  of  the  circulating  blood. 
In  foetal  life  it  forms  erythrocytes  and  may  revert  to  this  function 
after  birth  in  certain  circumstances.  Throughout  life  it  produces 
lymphocytes  and  mononuclear  white  cells.  Destruction  of  red  blood 
cells  and  platelets  occurs  there  normally,  and  this  haemolysis  may  be 
exaggerated  in  pathological  conditions.  It  is  thought  to  be  an  im¬ 
portant  site  for  the  formation  of  antibodies,  and  to  exert  an  inhibitory 
influence  on  the  formation  of  erythrocytes  in  the  red  bone-marrow. 
As  Ruysch  (1638-1731)  first  stated  in  1691,  it  is  undoubtedly  an 
outstanding  member  of  the  group  of  blood  ‘  or  vascular  glands  ’  (vide 
p.  19)  which  formerly  included  the  endocrine  glands.  Some  authori¬ 
ties,  such  as  H.  Zondek  (1935),  are  now  inclined  to  include  it  among 
the  endocrine  glands ;  it  might  perhaps  be  so  regarded  with  the  same 
justification  as  the  leucocytes  which  have  been  spoken  of  as  uni¬ 
cellular  endocrine  glands. 

Barcroft,  J.,  et  al.,  Journ.  Physiol.,  Lond.,  1923,  lviii.  133,  1924,  lix.  381 ; 
1925,  lx.  443;  Glisson,  F.,  Anatomia  Hepatis,  Lond.,  1654,  p.  429;  Gray,  H., 
On  the  Structure  and  Use  of  the  Spleen,  Lond.,  1854,  p.  345;  Hake,  T.  G., 
Abstracts  of  papers  in  Phil.  Trans.  Roy.  Soc.,  1843,  iv.  164;  Havers,  C., 
Osteologia  nova,  Lond.,  1691,  p.  210;  Ruysch,  F.,  Observationum  anatomico- 
chirurgicarum  centuria,  Amsterdam,  1691;  Schenk,  J.  T.,  Exercitationes 
anatomicae,  Jenae,  1662;  Wharton,  T.,  Adenographia,  Lond.,  1656;  Zondek, 
H.,  Diseases  of  the  Endocrine  Glands,  Lond.,  1935,  p.  86. 

Cardiac  hormones  are  mentioned  on  pp.  35-6.  Other  secreting 
glands,  such  as  the  prostate  and  the  parotid,  have  also  been  stated 
to  provide  hormones. 
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DISEASES  OF  DOUBTFUL  ENDOCRINE  ORIGIN 

Adiposis  dolorosa.  Synonym-.  Dercum’s  Disease 

First  described  by  F.  X.  Dercum  in  1888  with  the  long  eponym- 
exciting  title  ‘A  subcutaneous  connective  tissue  dystrophy  of  the 
arms  and  back,  associated  with  symptoms  resembling  myxoedema’, 
the  condition  was  reported  in  1891  as  ‘  myxoedematous  dystrophy’ 
by  F.  P.  Henry  (1844-1919)  and  by  Ewald  (1845-1915)  as  ‘myxoe¬ 
dema’  in  1895.  In  his  second  paper  (1892)  on  'Three  cases  of  a 
hitherto  unclassified  affection  resembling  in  its  grosser  aspects 
obesity,  but  associated  with  special  nervous  symptoms’  Dercum 
proposed  the  name  ‘adiposis  dolorosa’  which  he  subsequently  wished 
to  modify  to  ‘adipositas  dolorosa’  or  better  ‘obesitas  dolorosa’.  In 
1897  he  regarded  it  as  a  trophoneurosis ;  in  1902  he  collected  25  cases 
all  of  which  except  4  (Ewald  ;  Fere ;  Vitaut ;  Dercum)  were  in  women, 
and  described  interstitial  changes  in  the  nerves  going  to  the  painful 
lipomatous  areas ;  in  1924  he  ascribed  it  to  a  dyspituitarism,  thus 
showing  a  correspondence  with  the  current  dominant  opinions  of  the 
time  on  aetiological  factors. 

Francis  Xavier  Dercum  (1856-1931)  was  professor  of  nervous  and 
mental  diseases  in  the  Jefferson  Medical  College,  Philadelphia,  editor 
of  a  text-book  of  nervous  diseases,  author  of  a  clinical  manual  of 
mental  diseases,  and  The  Biology  of  the  Internal  Secretions  (1924).  He 
died  suddenly  on  April  24,  1931,  at  a  meeting  of  the  American 
Philosophical  Society  of  which  he  had  been  president  since  1927. 

Morbid  Anatomy  and  Pathogeny.  Hale  White  in  1899  re¬ 
corded  a  case  in  a  female  of  weak  intellect,  aged  22  years,  the  subject 
of  congenital  syphilis.  Calcification  of  the  thyroid  was  found  in  2  of 
the  earlier  cases,  and  then  hypophysial  tumours  were  reported.  In 
1909  Cushing  tentatively  mentioned  the  pituitary  factor  on  the 
ground  that  in  4  out  of  the  few  necropsies  gross  pituitary  lesions 
were  present.  Although  by  1910  200  clinical  cases  had  been  published, 
Winkelman  and  Eckel  in  1925  could  not  collect  more  than  16  necrop¬ 
sies,  in  12  of  which  the  thyroid  was  abnormal,  the  pituitary  being 
affected  in  8  out  of  the  11  cases  in  which  it  was  mentioned.  As  the 
pituitary  has  not  shown  any  constant  morbid  change,  Foot,  Good, 
and  Menard  (1926)  concluded  that  it  was  not  a  clinical  entity,  but 
that  the  stimulating  influence  of  the  pituitary  on  the  other  ductless 
glands  must  be  taken  into  account.  In  1924  Waldorp  regarded  it  as 
due  to  disorder  of  the  diencephalon,  as  closely  allied  to  adiposo- 
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genital  dystrophy,  and  stated  that  in  6  only  out  of  12  necropsies  was 
the  pituitary  affected.  Ovarian  insufficiency  has  also  been  suggested. 
Maranon  (1934)  denied  that  the  obesity  was  different  from  that  of 
other  fat  women,  ascribed  the  pain  to  temperamental  factors  or  to 
other  causes,  and  absolutely  declined  to  recognize  the  existence  of 
Dercunvs  syndrome. 

Clinical  Picture.  Tender  and  painful  swellings  appear,  leave 
behind  them  indurated  areas  in  the  fat,  and  adiposity  increases 
widely  over  the  body  with  the  exception  of  the  face,  hands,  and  feet. 
A  weight  of  20  stone  is  not  uncommon.  According  to  Vitaut  (1901) 
the  cardinal  symptoms  are  obesity,  tenderness  and  pains,  muscular 
weakness,  and  psychoses.  Pain  is  prominent  and  may  occur  before 
fatty  tumours  appear.  The  patients  have  been  described  as  spending 
their  time  in  contemplating  their  misery  (Leyton,  1933).  In  1930 
Gram  pointed  out  the  frequent  association  of  adiposis  dolorosa, 
hypertension,  and  arthritis  of  the  knees  (the  triad  of  post- climacteric 
symptoms). 

Treatment.  Benefit  has  been  reported  from  increasing  doses  of 
thyroid,  from  hypodermic  injections  of  an  extract  of  the  anterior 
pituitary,  and  from  deep  X-rays  (Montgomery,  1936). 

Cushing,  H.,  Ann.  Surg.,  Phila.,  1909,  1.  1002;  Deecum,  F.  X.,  Univ.  Med. 
Mag.,  Phila.,  1888-9,  i.  140;  idem,  Internat.  Journ.  Med.  Sc.,  Phila.,  1892, 
civ.  521;  idem,  Twentieth  Century  Practice  of  Medicine,  1897,  xi.  554;  idem, 
Trans.  Coll.  Phys.,  Phila.,  1902,  xxiv.  17 ;  idem,  The  Biology  of  the  Internal 
Secretions,  Phila.,  1924,  p.  97 ;  Deecum,  F.  X.,  and  McCarthy,  D.  J., 
Am.  Journ.  Med.  Sc.,  Phila.,,  1902,  cxxiv.  994;  Ewald,  C.  A.,  Berlin,  klin. 
Wchnschr .,  1895,  xxxii.  25,  55;  Fere,  Ch.,  Rev.  de  med.,  Paris,  1901,  xxi. 
641;  Foot,  Good,  and  Menard,  Am.  Journ.  Path.,  Boston,  1926,  ii.  251; 
Gram,  H.  C.,  Ugesk.  f.  Laeger,  Copenhagen,  1930,  xcii.  999;  Henry,  F.  P., 
Journ.  Nerv.  and  Ment.  Dis.,  1891,  xviii.  154;  Leyton,  O.,  Textbook  of 
the  Practice  of  Medicine  (Price),  Oxford  Univ.  Press,  1933,  p.  514;  Maranon, 
G.,  U Age  critique,  Paris,  1934,  p.  190;  Montgomery,  S.  K.,  Brit.  Med.  Journ., 
1936,  i.  357 ;  Vitaut,  L.,  Maladie  de  Dercum,  Lyon,  1901 ;  Waldorp,  C.  P., 
Endocrinol.,  Los  Angeles,  1924,  viii.  54;  White,  W.  Hale,  Brit.  Med.  Journ., 
1899,  ii.  1533 ;  Winkelman,  N.  W.,  and  Eckel,  J.  L.,  Journ.  Am.  Med.  Assoc., 
Chicago,  1925,  lxxxv.  1935. 

Lipodystrophia  Progressiva. 

Synonym-.  Barraquer’s  Disease 

In  1885  Weir  Mitchell  (1829-1914)  published  'a  singular  case  of 
absence  of  adipose  matter  in  the  upper  half  of  the  body5  in  a  girl 
12  years  old,  which  has  not  received  the  notice  it  deserves.  In  1906 
Barraquer  and  in  the  following  year  Harry  Campbell  reported  cases, 
the  latter  describing  ‘disappearance  more  or  less  complete  of  the 
subcutaneous  fat  above  the  region  of  the  lower  extremities  \  In  1911 
Simons  gave  it  the  name  lipodystrophy  (AtVos-  =  fat,  8vs  =  ill, 
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rpo(f)rj  =  nutrition)  by  which  it  is  now  known,  and  in  192b  Maranon 
and  Soler’s  term  ‘ cephalo-thoracic  lipodystrophy’  defined  the  con¬ 
dition  more  exactly.  In  1917  Parkes  Weber  (1863-  )  collected 

and  fully  analysed  20  cases,  and  in  1925  Watson  and  Ritchie  reviewed 
the  subject. 

Aetiology.  Like  most  diseases  when  first  described,  it  was  regarded 
as  rare ;  it  has  been  thought  to  be  less  infrequent  in  Jews  than 
among  Gentiles.  It  is  much  commoner  in  females  than  in  males; 
until  1914,  when  Husler  reported  2  cases  in  boys,  it  was  considered 
to  be  confined  to  the  female  sex;  in  1925  Watson  and  Ritchie  col¬ 
lected  17  male  cases.  It  comes  on  most  frequently  about  10  years  of 
age  and  also  between  20  and  30.  Its  occurrence  in  3  generations  has 
been  recorded  (Barraquer-Ferre,  1935). 

Pathogeny.  A  number  of  hypotheses  have  been  proposed  to 
explain  the  causation  of  the  change.  Various  endocrine  origins  have 
been  suggested ;  Simons  (1913)  incriminated  the  thyroid,  and  in  1934 
Cohen  and  Eis  collected  cases  with  hyperthyroidism  as  previously 
recorded  by  Maranon  and  Soler  (1926)  and  by  Ziegler  (1928).  The 
pineal  was  regarded  as  responsible  by  Klien  (1921).  Parkes  Weber 
(1932)  argued  that  it  was  due  to  basophilic  hypopituitarism  as  the 
clinical  manifestations  are,  as  regards  the  distribution  of  adipose 
tissue,  the  converse  of  basophilic  hyperpituitarism  as  described  by 
Cushing  (1932).  According  to  Maranon  (1934)  climacteric  hyper¬ 
thyroidism  and  ovarian  inadequacy  are  the  most  commonly  associ¬ 
ated  endocrine  changes,  and  the  disease  is  merely  an  exaggeration  of 
the  adiposity  of  the  lower  half  of  the  body  seen  in  asthenic  women. 
Zondek  (1935)  considered  that  the  endocrine  organs  were  not  respon¬ 
sible  and  that  the  condition  should  be  regarded  as  a  tropho -neurosis. 

Nervous  disorders  have  been  suggested;  Boissonnas  (1919)  as¬ 
cribed  it  to  a  primary  lesion  of  the  mesencephalon,  and  Roussy  and 
Mosinger  (1933)  to  disorder  of  the  diencephalon  and  supported  this 
view  by  the  relative  frequency  of  polyuria,  oliguria,  glycosuria,  and 
hyperidrosis,  these  two  explanations  being  allied  to  a  pituitary  inter¬ 
pretation.  Long  and  Bickel  (1924)  considered  the  autonomic  system 
responsible,  and  Watson  and  Ritchie  summed  up  against  an  endo¬ 
crine  origin  and  in  favour  of  a  nervous  factor.  Campbell  (1913), 
having  noticed  excessive  sebaceous  secretion,  ascribed  the  wasting 
to  this  cause. 

Morbid  Anatomy.  Microscopically  the  fat  disappears  almost 
entirely.  There  is  a  striking  segmental  emaciation  due  to  atrophy 
of  the  fat  in  the  face  and  upper  part  of  the  body,  and  there  is  often 
an  excess  of  fat  in  the  lower  extremities. 

Clinical  Picture.  It  has  been  described  as  presenting  in  the 
lower  part  of  the  body  the  appearance  of  a  Venus  in  an  ultra -Rubens 
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style  and  in  the  upper  part  of  the  body  and  face  the  aspect  of  a  witch 
(F.  P.  Weber,  1913).  It  begins  and  is  naturally  most  obvious  in  the 
face,  which  has  been  compared  to  a  ‘  death’s  head  ’  (Maranon),  whence 
it  spreads  downwards.  The  subjects  of  this  condition  suffer  from  the 
facial  disfigurement  and  from  the  annoyance  of  being  thought  by 
friends  and  employers  to  be  suffering  from  chronic  tuberculosis, 
malignant  disease,  or  other  wasting  disease.  When  the  fat  has  com¬ 
pletely  disappeared  from  the  face  and  upper  part  of  the  trunk  the 
process  comes  to  an  end,  so  that  the  adjective  'progressive ’  is,  strictly 
speaking,  not  applicable.  Cohen  and  Eis  considered  that  adults 
presented  nervous,  endocrine,  and  metabolic  disturbances  which 
did  not  appear  in  children. 

Diagnosis.  It  must  be  distinguished  from  other  conditions 
causing  emaciation,  such  as  chronic  pulmonary  tuberculosis,  cancer, 
Graves’s  disease,  and  Simmonds’s  disease.  But  the  segmental  dis¬ 
tribution  should  at  once  dispel  any  difficulty,  and  the  risk  of  error  is 
mainly  eliminated  by  a  systematic  examination  as  apart  from  a 
facial  diagnosis. 

Treatment.  The  facial  emaciation  has  been  treated  by  injection 
of  a  sterilized  mixture  of  human  fat  and  mutton  fat  (Hollander, 
1910),  and  also  by  paraffin  (Campbell,  1905),  but  in  both  cases  the 
benefit  was  temporary.  Insulin  injections  made  the  lower  extremities 
fatter  without  diminishing  the  emaciation  elsewhere  (Maranon  and 
Cascos,  1930). 

Progressive  Lipodystrophy . 

Barraqtjer-Ferre,  L.,  Presse  med.,  Paris,  1935,  xliii.  1672;  Barraquer,  R., 
Neurol.  Centralbl.,  Leipz.,  1907,  xxvi.  1092;  Boissonnas,  L.,  Rev.  neurol., 
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272;  idem,  Proc.  Roy.  Soc.  Med.,  1912-13,  vi  (Sect.  Neurol.),  71;  Cohen, 
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Mongolism. 

Synonyms :  Mongolian  Imbecility;  Kalmuc  Idiocy 

Sequin  in  1846  and  again  in  1866  pointed  out  the  resemblance  of 
some  idiots  to  the  Mongolian  race ;  in  this  country  Langdon  Down 
(1828-96),  in  a  short  article  on  'The  Ethnic  Classification  of  Idiots’ 
(1866),  was  the  first  to  draw  attention  to  the  condition  as  a  common 
form  of  congenital  idiocy — more  than  10  per  cent,  of  all  cases — and 
ascribed  it  to  degeneration  due  to  parental  tuberculosis.  According 
to  Shuttleworth  (1842-1928)  the  early  case-books  of  Earlswood, 
where  Langdon  Down  was  for  many  years  superintendent,  refer  to 
‘  strumous  cretins 5  which  were  probably  the  patients  later  called 
mongolian  idiots.  Langdon  Down  considered  that  the  idiots  with 
Mongolian  and  Ethiopian  appearances  supported  the  view  of  the 
unity  of  the  human  race,  and  in  1887  stated  that  malaria  and  pro¬ 
creation  when  the  father  was  intoxicated  were  causal  factors.  In 
1877  Fraser  and  Mitchell  without  referring  to  Langdon  Down  de¬ 
scribed  the  same  condition  under  the  title  of  Kalmuc  idiocy’,  and 
collected  62  cases.  Bourneville  (1840-1909)  in  1901  drew  attention 
to  it  in  France.  Under  the  title  of  'Mongoloid  cretinism’  Vomela 
(1935)  described  endemic  cretins  in  Czechoslavakia  with  a  facial 
resemblance  to  the  Mongolian  races;  he  applied  the  term  'endemic 
mongolism’  to  a  transient  phase  in  Czechoslavakian  school  children. 

Aetiology.  It  has  generally  been  held,  as  pointed  out  by  Shuttle- 
worth  (1909),  that  mongols  occur  late  in  large  families;  among  157 
cases  analysed  by  Brushfield  (1924)  69  were  the  last  born,  33  among 
the  last  three,  and  29  the  first  born;  there  were  198  ‘last’  children 
in  a  collection  of  314  mongols  published  in  the  London  County 
Council’s  Report  for  1925.  Shuttleworth  spoke  of  them  as  'exhaus¬ 
tion  products’  and  John  Thomson  described  them  as  1  unfinished'. 
The  explanation  of  ‘uterine  exhaustion’  has  been  contested  on  the 
grounds  that  the  first  children  of  vigorous  women  (Stoeltzner,  1935) 
and  one  only  of  twins  may  be  affected  ;  it  has  been  suggested  that  the 
cause  is  a  small  focal  lesion,  probably  of  fibrosis,  which  happens  to 
involve  an  ovum  (Rosanoff  and  Handy,  1934).  Stoeltzner,  who 
believed  that  mongolism  has  become  much  more  frequent,  ascribed 
this  to  the  increased  adoption  of  chemical  contraceptives  which 
damage  the  ovum.  From  analysis  of  the  family  histories  of  224 
mongolian  imbeciles  Penrose  (1934c)  showed  that  the  mother  s  age 
at  the  time  of  birth  of  the  child,  and  not  the  birth  order,  is  the  impor¬ 
tant  factor,  for  the  incidence  of  mongolism  increases  with  the 
maternal  age.  The  mother  s  age,  however,  is  not  the  only  factor 
(Penrose,  1932).  The  father’s  age  has  very  little,  if  any,  influence. 
It  is  rare  for  more  than  one  mongol  to  occur  in  the  same  family ; 
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among  2,671  families  containing  mongols  Penrose  (1934  a)  found  33 
instances  of  two  mongols,  3  of  three,  and  1  of  four,  and  concluded 
that  there  is  a  genuine,  if  slight,  tendency  for  mongolism  to  be 
familial.  There  are  more  male  than  female  mongols  (Tredgold, 
1929  ;  Penrose,  1932).  Among  twins  one  of  bin-ovular  twins  may  be 
a  mongol,  but  if  one  uni-ovular  twin  is  affected  the  other  always  is 
too  (Turpin  and  Caratzali,  1934).  Among  21  twins  of  opposite  sex, 
in  which  mongolism  occurred,  1  twin  only  was  a  mongol,  whereas 
among  7  homologous  twins  both  were  always  affected  (Jenkins, 
1933)  ;  Mitchell  and  Downing  (1926)  had  obtained  much  the  same 
results. 

Neither  consanguinity  nor  congenital  syphilis  plays  any  part  in 
the  causation;  none  of  the  155  mongolian  idiots  examined  at  the 
Mayo  Clinic  had  a  positive  Wassermann  reaction ;  one  without  any 
other  signs  of  syphilis  had  Hutchinson’s  teeth ;  this  suggested  that 
the  dental  condition  need  not  be  due  to  syphilis  (Mebane,  1924). 

Various  endocrine  origins  have  been  suggested  by  a  number  of 
writers:  such  as  hypothyroidism  in  the  mother  (Stoeltzner,  1935), 
foetal  multiglandular  disorder  (Kassowitz,  1902  ;  Vas,  1925  ;  Brous- 
seau,  1928),  variations  in  the  endocrine  balance  in  subjects  with  an 
atavistic  basis  (Crookshank,  1931),  anterior  pituitary  disturbance 
(Timme,  1934),  and  defect  of  thymic  function  (Barnes,  1923). 

There  is  not  any  evidence  that  a  premature  union  of  the  bones  at 
the  base  of  the  brain  is  responsible. 

Mongolism  has  been  thought  to  be  (1)  due  to  changes  in  the  intra¬ 
uterine  environment,  or  (2)  due  to  hereditary  or  germinal  factors, 
or  (3)  a  product  of  the  two  preceding.  (1)  It  has  been  ascribed  to  the 
pressure  of  a  small  and  tight  amniotic  sac  on  the  cerebral  end  of  the 
embryo;  Jansen  (1921)  considered  that  if  this  pressure  is  exerted 
during  the  second  or  third  week  of  intra-uterine  life  anencephaly 
results,  if  in  the  third  to  the  sixth  week  achondroplasia,  and  if  during 
the  sixth  to  the  seventh  week  mongolism.  Lapage  (1933)  reported 
twin  brothers,  one  an  achondroplasiac,  the  other  a  mongol.  The 
mother’s  ill  health  during  pregnancy  was  a  possible  factor  in  34  per 
cent,  of  the  cases  analysed  by  Brushfield,  who  pointed  out  the  great 
increase  of  mongols  born  during  the  War  of  1914-18.  It  has  been 
thought  that  the  underlying  factor  is  probably  a  failure  in  intra¬ 
uterine  nutrition,  and  that  the  normal  members  of  a  family  contain¬ 
ing  a  mongol  are  not  'carriers’  (Herd,  1934). 

(2)  Genetic  Factors.  Jenkins  (1933)  ascribed  mongolism  to  dimi¬ 
nished  viability  of  the  germ  cell,  the  birth  of  a  mongol  being  often 
preceded  by  a  period  of  waning  fecundity ;  he  suggested  that  during 
the  period  between  complete  viability  and  failure  of  reproductive 
function  the  ova  pass  through  a  mongolian -genetic  stage.  From 
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analysis  of  the  various  conditions  in  sibs  Turpin  and  Caratzali  (1934) 
found  considerable  evidence  of  psychological  and,  to  a  less  extent,  of 
physical  deterioration,  a  tendency  to  early  death,  possibly  due  to  the 
existence  of  fruste  forms,  and  the  frequency  of  the  scrotal  tongue 
(1933)  which  was  regarded  as  a  dominant  Mendelian  character. 
Penrose  (1932)  concluded  that  the  susceptibility  to  mongolism  may 
possibly  be  determined  by  the  inheritance  of  two  dominant  genes. 

Crookshank  (1873—1933)  in  1931  drew  homologies  between  (1) 
indigenous  mongols,  whether  imbeciles  or  not,  in  this  country  and 
orangs,  and  (2)  racial  mongolians  on  the  other  hand.  The  peroneus 
tertius  muscle  which  tends  to  maintain  the  human  foot  in  the  normal 
position  is  absent  in  orangs  and  often  in  the  Chinese  (Kurz),  and  has 
been  reported  to  be  absent  in  a  mongoloid  idiot  (Montgomery  and 
Bruce,  1933). 

(3)  That  it  may  be  the  product  of  genetic  factors  and  specific 
pre-natal  environment  was  suggested  by  Penrose  (1934  6). 
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The  Influence  of  Heredity  on  Disease,  Lond.,  1934,  p.  57  ;  idem,  (6)  Eugenics  Rev., 
Lond.,  1934,  xxvi.  121 ;  idem,  (c)  Proc.  Roy.  Soc.  Lond.,  1934,  ser.  B,  cxv.  431 ; 
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Acad,  sc.,  Paris,  1933,  cxcvi.  2040;  idem,  Presse  med.,  Paris,  1934,  xlii.  1186; 
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Morbid  Anatomy.  The  brain  is  small,  but  of  fair  size  as  com¬ 
pared  with  that  of  other  imbeciles.  The  convolutions  are  coarse,  the 
secondary  ones  few,  and  the  annectant  gyri  absent.  The  sulci  are 
shallow  and  the  cortex  thin  from  the  arrest  of  development  of  the 
primary  neurons  ;  there  is  diminution  in  the  number  of  the  multipolar 
cells  (Shuttleworth)  and  hypoplasia  of  the  cortex.  The  pons  and  the 
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medulla  have  been  found  to  be  small  (Wilmarth,  1890  ;  G.  A.  Suther¬ 
land,  1899).  According  to  Hill  (1908)  the  pathological  changes  in 
the  cortex  suggest  intra-uterine  degeneration  of  the  nerve-fibres 
rather  than  of  the  cellular  strata,  and  Davidoff  (1928)  described 
amyelination  of  the  cerebrum.  There  is  a  universal  change  in  the 
body,  thus  differing  from  primary  amentia  and  microcephaly  in 
which  the  main  lesion  is  cerebral  with  only  a  slight  secondary  change 
in  the  rest  of  the  body  (J.  Thomson,  1925).  The  pituitary  fossa  was 
found  to  be  abnormal  in  22  out  of  24  cases  by  Timme  (1921). 

Congenital  abnormalities  are  common  and  are  more  frequent  than 
in  any  other  form  of  idiocy.  This  may  account  for  the  divergence  of 
opinion  and  varying  statements  about  the  condition  of  the  endocrine 
glands. 

Bourne ville  (1840-1909),  who  examined  the  thyroid  in  a  number 
of  cases,  found  abnormal  changes  in  two  only ;  in  one  there  was 
intense  ‘sclerosing  thyroiditis 5 ;  Gordon  reported  fibrosis  in  two 
young  mongols.  Pennacchielli  (1932)  described  changes  resembling 
those  in  Graves’s  disease,  thus  recalling  Clark’s  view  of  foetal  hyper  - 
thyroidism.  The  thymus  has  usually  been  normal;  but  it  has  been 
found  to  be  atrophied  (Bourneville,  1903)  and  to  be  unduly  persistent 
(Bourneville,  1902).  The  adrenal  cortex  has  been  described  as  thin 
from  atrophy  of  the  zona  fasciculata  (Pennacchielli,  1932),  but 
Herning  and  Farber  (1934),  from  measurement  of  the  cortex  in 
young  mongols,  did  not  find  any  diminution  in  size  or  characteristic 
change,  though  hypoplasia  occurs  in  older  mongols.  Agenesis  of  the 
adrenal  medulla  and  thyroid  was  regarded  by  Delfini  (1932)  as 
responsible  for  agenesis  of  the  rest  of  the  endocrine  system  and  the 
cerebral  cortex.  Gordon  (1930)  reported  hypoplasia  of  the  chromaffin 
substance.  Congenital  heart  disease,  pointed  out  in  1898  by  A.  E. 
Garrod  (1857-1936),  was  found  in  47,  or  16  per  cent.,  of  300  clinical 
cases  (J.  Thomson,  1925).  Umbilical  hernia  is  common. 
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Edin.,  1925,  p.  704;  Timme,  W.,  Arch.  Neurol,  and  Psychiat.,  Chicago,  1921, 
v.  568;  Wilmarth,  A.  W.,  Alienist  and  Neurol.,  St.  Louis,  1890,  xi.  520. 


Clinical  Picture.  Mongols  have  round,  brachycephalic  heads, 
and  a  characteristic  facies  so  that  they  present  a  family  resemblance. 
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DISEASES 


OF  DOUBTFUL  ENDOCRINE  ORIGIN 


They  have  reel  cheeks,  a  depressed  bridge  of  the  nose,  which  is  short 
and  with  narrow  nostrils,  and  an  appearance  of  good  health  except 
for  blepharitis  and  ectropion.  The  infant  mongol  has  a  vacant  look, 
but  later  becomes  vivacious.  Their  small  slit-like,  almond-shaped 
eyes  have  narrow  palpebral  fissures  sloping  downwards  and  inwards ; 
an  epicanthus  is  often  present.  Their  small,  rounded  ears  often 
project,  are  simply  convoluted,  ‘shell-shaped’,  and  often  deformed 
with  an  overhanging  margin  of  the  pinna  at  the  upper  margin.  The 
oral  cavity  is  short,  and  the  tongue  therefore  projects,  and  from  con¬ 
stant  sucking  becomes  rough  and  fissured  in  90  per  cent,  of  mongols 
over  6  years  of  age  (J.  Thomson,  1925).  The  jaws  are  small,  and  the 
narrow  nasopharynx  is  easily  obstructed  by  small  adenoids.  The 
hands  are  broad ;  the  thumb  and  little  fingers  are  short,  and  the  latter 
often  curved  towards  the  ring-finger,  and  the  fingers  taper  at  the 
ends.  Muscular  hypotonia  is  common,  the  ligaments  of  the  joints 
are  very  lax,  and  over-extension  of  the  joints  is  readily  effected. 
Growth  is  somewhat  stunted,  the  appearance  of  the  centres  of  ossifica¬ 
tion  being  delayed,  and  walking  and  speech  slowly  acquired.  Strabis¬ 
mus  is  common  ;  Brushfield  found  it  constantly.  Nystagmus  occurred 
at  some  time  in  infancy  in  10  per  cent.  (Thomson).  The  appearance 
after  the  age  of  9  years  of  a  peculiar  dot  form  of  cataract  which  later 
comes  to  resemble  lamellar  cataract  was  pointed  out  by  Pearce, 
Rankine,  and  Ormond  in  1910.  The  secondary  sex  characters  and 
sexual  activity  are  delayed,  but  develop  in  time.  Constipation  is 
common.  Mongols  are  fairly  plump,  cheerful,  affectionate,  good 
mimics,  and  fond  of  music ;  they  tend  to  assume  the  cross-legged 
‘attitude  en  tailleur '  (Bourneville,  1904)  or  ‘Buddha’  position  when 
sitting.  A  complicating  hypothyroidism  has  been  described  and  may 
explain  the  improvement  from  thyroid  treatment  reported  by  some 
writers.  The  basal  metabolic  rate  is  normal  and  thus  contrasts  with 
the  low  metabolic  rate  in  cretins  (Fleming,  1922). 

Prognosis.  They  are  fragile  folk  with  a  poor  resistance  to  infec¬ 
tions  and  prone  to  succumb,  especially  to  tuberculosis  and  acute 
respiratory  infections,  such  as  broncho-pneumonia.  Many  infant 
mongols  die  within  the  first  two  years  of  life,  and  death  often  closes 
the  scene  before  the  age  of  20 ;  the  relative  mortality  has  been  esti¬ 
mated  as  ten  times  higher  than  that  among  the  general  population 
and  six  times  that  of  other  forms  of  mental  deficiency  (Penrose, 
1932). 

Diagnosis.  The  condition  is  present  at  birth,  but  is  rarely  sus¬ 
pected  by  the  mothers  during  the  first  year  of  life.  Confusion  with 
cretinism,  formerly  common,  is  not  unknown  now,  though  there  is 
little  resemblance  except  in  age  incidence  and  mental  deficiency  {vide 
p.  169).  The  ‘simian  line’  running  across  one  or  both  hands  is 
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common  in  mongols,  but  as  rare  in  cretins  as  in  normal  children 
(Cockayne,  1935).  The  facial  appearance  may  suggest  adenoids, 
which  are  not  often  large. 

Treatment  with  thyroid  preparations  has  not  any  permanent 
effect  for  good  ;  but  well-marked  increase  in  growth  has  been  obtained 
(Bourneville,  1903).  Castration  of  two  mongol  boys  about  the  age 
of  12  years  was  thought  to  have  improved  their  condition,  possibly 
by  obviating  constant  sex  strain  (Wildenskov,  1934). 

Bourneville,  M.  D.,  Arch,  neurol.,  Paris,  1903,  2  s.,  xvi.  252;  idem,  Compt. 
rend,  du  Bicetre,  Paris,  1904,  xxiv.  149 ;  Brushfield,  T.,  Brit.  Journ.  Child.  Dis., 
Lond.,  1924,  xxi.  241;  Cockayne,  E.  A.,  Practitioner,  Bond.,  1935,  cxxxv. 
767;  Fleming,  G.  B.,  Quart.  Journ.  Med.,  Oxford,  1922-3,  xvi.  11;  Pearce, 
F.  H.,  Rankine,  R.,  and  Ormond,  A.  W.,  Brit.  Med.  Journ.,  1910,  ii.  186; 
Penrose,  L.  S.,  Journ.  Genetics,  Cambridge,  1932,  xxv.  407 ;  Thacher,  C., 
Am.  Journ.  Dis.  Child.,  Chicago,  1924,  xxviii.  25;  Thomson,  J.,  Brit.  Med. 
Journ.,  1907,  i.  1051;  idem,  Clinical  Study  and  Treatment  of  Sick  Children, 
Edin.,  1925,  p.  704;  Wildenskov,  H.  O.,  Monatschr.  f.  krim.  Psychr.  u. 
Strafrechtsreform,  1934,  xxv.  1. 

Achondroplasia. 

Synonyms-.  Chondrodystrophia  foetalis;  Micromelia. 

This  congenital  disease,  which  was  one  of  those  called  foetal  rickets 
(Romberg,  1817),  has  existed  for  at  least  5,000  years  in  Egypt 
(Ruffer),  where  the  gods,  Bes  and  Ptah,  presented  its  characteristic 
features.  Painting  of  court  dwarfs,  such  as  that  by  Velasquez  in  the 
Prado  at  Madrid,  unmistakably  represent  the  disease  {vide  Fig.  10). 
Although  Mueller  (1860)  and  Eberth  (1878)  distinguished  it  from 
rickets,  it  was  first  isolated  distinctly  from  rickets  and  cretinism 
by  Parrot  (1839-83)  in  1878.  Kaufmann  (1860-1931)  in  1892  sug¬ 
gested  the  name  chondrodystrophia  foetalis,  in  order  to  emphasize 
the  malnutrition  rather  than  the  absence  of  cartilage  ;  latent  and  in¬ 
complete  forms  have  been  called  chondrohypoplasia  (Ravenna,  1913). 

Heredity  plays  some  part  in  its  aetiology,  and  it  has  been  known 
to  run  through  six  generations,  the  transmission  running  mainly 
through  the  male  line,  as  an  achondroplasiac  mother  seldom  bears 
a  living  child  unless  Caesarean  section  has  been  performed.  It  has 
been  reported  in  one  and  also  in  both  twins.  Attempts  to  raise  a 
small  race  by  intermarriage  of  dwarfs  now  presumed  to  be  achondro- 
plasiacs,  for  example  by  Catherine  de’  Medici  in  the  sixteenth  century, 
are  said  to  have  failed.  A  number  of  notable  persons,  such  as  the 
author  of  Aesop’s  Fables,  Philetas  of  Cos,  a  poet  and  grammarian, 
Licinius  Calvus,  a  rhetorician,  Attila  the  Hun,  and  Wladislaus,  called 
‘  Cubitalis  ’,  King  of  Poland,  are  reputed  to  have  been  achondroplasiacs 
(Symmers  and  Wallace,  1913).  It  is  most  unlikely  that  such 
characters  were  cretinoid. 


Several  hypotheses  have  been  put  forward  to  explain  its  causation. 
Jansen  (1912)  ascribed  it  to  high  amniotic  pressure  in  utero,  and 
Keith  (1913)  ‘probably  to  the  absence  of  an  element  secreted  by  one 


Fig.  10.  Achondroplasiac  Dwarf:  Picture,  No.  1202,  in  the  Museo  del 
Prado,  Madrid,  by  Velasquez  (1599-1660). 


of  the  ductless  glands’ ;  these  two  authors  took  the  same  view  about 
multiple  cartilaginous  exostosis  or  Ollier’s  disease.  Thyroid  defi¬ 
ciency  and  a  cretinoid  state  were  suggested  by  Mueller,  Eberth, 
Shattock  (1904),  and  Symmers  and  Wallace  (1913).  Thyroid  medica¬ 
tion,  however,  has  not  any  effect.  Deficiency  of  anterior  pituitary  was 
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suggested  by  Baumel  and  Margarot  (1918)  and  by  Crew  (1924); 
Parhon,  Schunda,  and  Zalplachta  (1905)  proposed  a  multiglandular 
origin,  gonadal  hypersecretion  and  insufficiency  of  the  thyroid, 
pituitary,  and  possibly  thymus.  A  toxaemic  factor  in  foetal  life  has 
also  been  proposed. 

The  morbid  change  is  an  arrest  of  bone  formation  in  cartilage 
which  has  undergone  mucoid  degeneration  (Harris,  1933),  while 
periosteal  bone  formation  is  unaffected.  The  long  bones,  except  the 
clavicle,  are  extremely  short.  The  pelvis  is  small  and  resembles  the 
rickety  pelvis.  The  skull  is  brachy cephalic  and  shows  premature 
synostosis  of  the  basi- sphenoid  and  the  occipital  bones,  and  the  vault 
of  the  skull  appears  larger  than  normal  and  suggests  some  degree  of 
hydrocephalus ;  the  pituitary  fossa  is  smaller  than  normal.  The 
peculiar  character  of  the  hands  was  described  by  J.  Thomson  (1856- 
1926)  in  1893  and  called  the  trident  hand  by  Pierre  Marie  (1900). 

Treatment  has  not  any  influence  on  the  condition ;  but  orthopaedic 
operations  have  been  for  the  correction  of  deformities  of  the  limbs. 

Baumel,  J.,  et  Margarot,  J.,  Montpel.  vied.,  1918,  xxxvii.  17,  42;  Crew, 
F.  A.  E.,  Proc.  Roy.  Soc.  Lond.,  1924,  B.  xcv.  228;  Eberth,  C.  J.,  Die 
fotale  Rachitis  und  ihre  Beziehungen  zum  Cretinismus,  Leipz.,  1878;  Harris, 
H.  A.,  Bone  Growth  in  Health  and  Disease,  Oxford  Medical  Publications,  1933, 
p.  151;  Jansen,  M.,  Achondroplasia,  its  Nature  and  its  Causes,  Leyden,  1912; 
Kaufmann,  E.,  Enter  suchungen  iiber  die  sog.  fotale  Rachitis  ( Chondrodystrophia 
foetalis),  Berlin,  1892;  Keith,  A.,  Journ.  Anat.  and  Physiol.,  Lond.,  1913, 
xlvii.  189;  Marie,  P.,  Presse  vied.,  Paris,  1900,  i;  Mueller,  H.,  Wiirzb.  med. 
Ztschr.,  1860,  i.  221;  Parhon,  C.,  Schunda,  A.,  et  Zalplachta,  J.,  Nouv. 
iconogr.  de  la  Salpetr.,  Paris,  1905,  xviii.  539 ;  Parrot,  J.  M.,  Bull.  Soc.  d? anthrop . 
cle  Paris,  1878,  3  s.,  i.  296;  Ravenna,  F.,  Nouv.  iconogr.  de  la  Salpetr.,  Paris, 
1913,  xxvi.  157;  Romberg,  M.  H.,  De  Rachitide  congenita,  Berlin,  1817; 
Shattock,  S.  G.,  quoted  by  Seligmann,  C.  G.,  Trans.  Path.  Soc.  Lond.,  1904, 
lv.  18;  Symmers,  D.,  and  Wallace,  G.  H.,  Arch.  Int.  Med.,  Chicago,  1913, 
xii.  37 ;  Thomson,  J.,  Edin.  Med.  Journ.,  1893,  xxxviii.  1111. 
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Abdominal  pain  in  Addison’s  disease, 
350. 

Abscess,  thyroid,  269. 

- — ,  — ,  tuberculous,  272. 

Acanthoma  of  thyroid,  263. 

Accessory  and  aberrant  adrenals,  315. 

- —  pituitaries,  49. 

- — -  —  thyroids,  148,  149. 

- —  - confused  with  parathyroids, 

148. 

Acetonitrile  test  of  activity  of  thyroid 
preparations,  154. 

Acetyl-choline,  35,  37. 

Achlorhydria  in  myxoedema,  184. 

—  in  toxic  goitre,  243. 
Achondroplasia,  489—91. 

- — ,  aetiology,  489,  490. 

— ,  combined  with  cretinism,  169. 

- — ,  heredity  as  factor  in  aetiology, 
489. 

- — ,  historical  account,  489. 

— ,  morbid  changes,  491. 

— ,  possible  endocrine  factors,  490, 
491. 

x\chondroplasiac  dwarf  painted  by 
Velasquez,  490. 

Acrocyanosis  in  Cushing’s  syndrome, 

107. 

Acromegalic  state,  97. 
x4cromegalics,  resemblance  of,  to 
anthropoid  apes,  87. 
x4cromegaloidism,  94,  104. 
Acromegaly,  79—104. 

— ,  accessory  pituitary  tumour  in  case 
of,  50. 

— ,  ‘adrenal’,  88. 

— ,  aetiology,  94. 

— ,  age  incidence,  94. 

—  associated  with  myxoedema,  187. 
— ,  basal  metabolism  raised  in,  99, 

100. 

— ,  basophilism  associated  with,  107. 
— ,  bony  changes  in,  probable  cause 
of,  87. 

— ,  classical  cases  of,  80,  81. 

— ,  clinical  pictures,  95. 

— ,  diagnosis,  101. 

— ,  differential  diagnosis,  101. 

— ,  duration  of,  100. 

— ,  experimental,  88. 

— ,  eye  symptoms,  97. 

— ,  facies  in,  81,  83,  95. 

— ,  ‘fruste’  forms,  100. 

— ,  ‘fugitive’,  112,  132. 

— ,  gigantism  and,  88. 

— ,  glycosuria  and  diabetes  in,  98,  99. 


Acromegaly,  heredity  as  < 
in,  87. 

— ,  historical  account,  80. 

— ,  intracranial  growths  in  relation  to, 
85. 

— ,  mental  disorder  in,  100. 

— ,  minor  degrees  of,  104. 

- — ,  morbid  anatomy,  89. 

- — ,  neurofibromatosis  as  causal  factor 
in,  139. 

- — ,  nomenclature,  79,  80. 

— ,  operative  treatment,  103. 

- — ,  pathogeny,  86. 

- — ,  — ,  theories  as  to,  86,  87. 

- — ,  race  incidence,  94. 

— ,  radiological  treatment  of  pituitary 
in,  78. 

- — ,  sex  incidence,  94. 

— ,  subjective  symptoms,  96,  97. 

— ,  toxic  goitre  associated  with,  98. 

- — ,  transitory,  of  pregnancy,  95. 

— ,  trauma  in  relation  to,  94,  95. 

- — ,  treatment,  103. 

- — ,  urinary  symptoms,  98. 

Acromicria,  127. 

Acropachy,  79,  81. 

Actinomycosis  of  adrenals,  384. 

—  of  pituitary,  137. 

—  of  thyroid,  274. 

Adamantinomas,  116. 

Addisin,  478. 

Addison,  Thomas,  biography  of,  333 
— ,  — ,  on  adrenals,  23,  319. 
Addison’s  disease,  332—58. 

- -,  aetiology,  340. 

- after  X-ray  therapy,  342. 

- ,  age  and  sex  incidence,  342. 

- -,  amyloid  change  in,  345. 

- and  malignant  disease,  345. 

- ,  clinical  manifestations,  349. 

- ,  diagnosis,  353. 

- — ,  duration  of,  352. 

- ,  ‘fruste’  cases  of,  351,  359. 

—  - — ,  gonadal  atrophy  in,  329. 

- ,  historical  account,  332. 

- ,  in  the  syphilitic,  344. 

- ,  morbid  anatomy,  343. 

— ,  — ,  nervous  hypothesis  of,  347. 

- - ,  nomenclature,  339. 

- - ,  pathogeny,  347. 

- ,  pigmentation  in,  346,  349,  353. 

- ,  prognosis,  352. 

— -  - — ,  racial  factor  in,  342. 

- - ,  toxic  hypothesis  of,  347. 

- ,  treatment,  354. 

Acldisonism,  351,  359. 
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Adeno -hypophysis,  46. 

Adenoma  or  Adenomas : 

of  adrenal  zona  reticularis,  pig¬ 
mented,  374. 

—  of  adrenals,  373. 

of  chromophil  cells  of  anterior 
pituitary,  112. 

- ,  effects  of,  77,  78. 

-  of  islands  of  Langerhans,  425. 

-  of  pituitary,  110;  and  see  under 
Pituitary. 

- ,  agranulocytic,  111. 

- ,  basophil,  106,  112. 

- ,  chromophil-celled,  112. 

- ,  chromophobe,  111,  131. 

— ,  — ,  clinical  picture,  132. 

— ,  — ,  morbid  anatomy,  132. 

— ,  — ,  prognosis,  133. 

— ,  — ,  symptoms,  131,  132. 

- ,  classification,  111. 

- ,  foetal,  113. 

—  testis,  395. 

—  thyroid,  199;  and  see  under 
Thyroid. 

- ,  foetal,  199. 

- ,  malignant,  263. 

— ,  toxic,  distinguished  from  Graves’s 
disease,  249,  250. 

Adenylic  acid,  effect  of,  on  heart,  36. 
Adiposis  dolorosa,  480-1. 

- ,  clinical  picture,  481. 

- ,  historical  account,  480. 

- ,  morbid  anatomy  and  patho¬ 
geny,  480. 

- ,  pituitary  factor  in,  480. 

- ,  treatment,  481. 

Adiposity,  cerebral,  123. 

— ,  endocrine  factors  in  aetiology  of, 
»)7. 

— ,  genito -pituitary,  123. 

—  in  eunuchs,  393. 

—  in  pineal  tumour,  466,  467,  468. 

— ,  water-salt,  128. 

Adiposo -genital  dystrophy,  78,  123; 

and  see  Frohlich’s  syndrome. 
Adrenal  acromegaly,  88. 

-  aplasia,  conditions  of  occurrence 
of,  311. 

—  atrophy  in  Addison’s  disease,  343, 
344. 

—  cortex,  323. 

- ,  adenomas  of,  373. 

- ,  - — ,  classification,  373. 

- after  castration,  328. 

- and  thymus,  inter-relations  of, 

329. 

- and  thyroid,  328. 

- ,  antitoxic  influence  of,  324. 

- atrophy  caused  by  hypophysec- 

tomy,  64. 


Adrenal  cortex  atrophy  in  diabetes 
mellitus,  433. 

-  degeneration  in  case  of  hunger 
oedema,  359. 


— ,  development  of,  controlled  by 
anterior  pituitary,  308. 

,  effect  of  hypophysectomy  on, 
64. 

- essential  to  life,  324. 

— ,  experimental  removal  of, 
effects  of,  324. 

- ,  foetal,  309. 

— ,  — ,  and  anencephaly,  310. 

— ,  — ,  degeneration  of,  309. 

- ,  — ,  function  of,  310. 

- ,  — ,  zones  of,  309. 

- ,  functions  of,  324. 

- ,  hormones  of,  328. 

—,  — ,  antagonistic  to  insulin,  423. 
- 5  — ,  in  Addison’s  disease,  356. 
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hyperplasia  of,  in  toxic  goitre, 


5  — j  in  unilateral  adrenalectomy, 


—  —  in  chromophobe  pituitary 
adenomas,  132. 

- in  mongolism,  487. 

- in  relation  to  cholesterol,  325. 

- to  Cushing’s  syndrome,  105. 

-  to  mammary  function,  328. 

- to  sexual  organs,  326. 

- to  thyroid  activity,  326. 

insufficiency  as  cause  of 
Addison’s  disease,  348. 

- in  Addison’s  disease,  220. 

- in  relation  to  lymphatism, 

220. 


- to  toxic  goitre,  220. 

-  — j  inter-relations  of,  with  other 
endocrines,  64,  328,  329. 

-  lesions,  results  of,  in  boys,  366. 

- ,  — ,  in  girls,  363,  364. 

— ,  malignant  hypernephromas  of, 
379. 

- » - ,  clinical  picture  in,  379. 

— > - ,  rarity  of  bony  metastases 

in,  379. 

— ,  relation  with  anterior  pituitarv, 
328. 

— ,  role  of,  in  formation  of  adrena¬ 
line,  325. 

— j  — ,  in  maintaining  blood- 
volume,  327. 

—  denervation,  for  toxic  goitre,  257. 

—  factor  in  toxic  goitre,  226. 

—  form  of  malaria,  359. 

gland  substance  in  toxic  goitre, 
254,  255. 

—  grafts  in  Addison’s  disease,  357. 

—  hirsutism,  361,  368. 
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Adrenal  hormones  and  thyroxine,  326. 

—  insufficiency,  358. 

- ,  acute,  358. 

- ,  — ,  clinical  manifestations,  358. 

- ,  — ,  treatment,  359. 

- as  cause  of  infantilism,  360. 

- ,  chronic,  359. 

- ,  status  lymphaticus  and,  346. 

—  medulla,  321. 

- —  — ,  chromaffin-celled  tumours  of, 
375. 

- ,  fibromas  of,  378. 

- ,  histology,  313. 

- ,  innocent  tumours  of,  375. 

- - , - ,  diagnosis  of,  376. 

- , - ,  treatment  of,  377. 

—  — ,  malignant  melanomas  of, 
primary,  381. 

- ,  malignant  tumours  of,  primary, 

379. 

—  preparations  in  treatment  of 
Addison’s  disease,  355. 

—  virilism,  361;  and  see  Adreno¬ 
cortical  syndrome. 

Adrenalectomy,  effects  of,  319,  321, 
325,  347,  359. 

- — ,  — ,  on  gonads,  329. 

■ — ,  — ,  on  thymus,  443. 

— ,  sensitivity  to  poisons  after,  325. 
Adrenaline,  321,  322. 

—  and  insulin,  antagonism  between, 
351,  423. 

— ,  bactericidal  action  of,  323. 

— ,  discovery  of,  29. 

—  for  anaphylactic  shock,  332. 

—  in  medullary  cells  of  gland,  313. 

—  in  relation  to  allergic  states,  360. 
— ,  insulin  antagonistic  to,  323,  423. 
— ,  isolation  of,  321. 

role  of,  322,  323. 

— , - cortex  in  formation  of,  325. 

—  secretion,  deficiency  of,  359. 

— ,  synonyms  for,  323. 

— ,  therapeutic  applications  of,  331. 
Adrenals,  the,  301—84. 

— ,  accessory  and  aberrant,  315. 

— ?  - ,  number  and  sites  of,  315. 

— ,  actinomycosis  of,  384. 

— ,  adenomas  of,  373. 

— ,  amyloid  change  in,  345,  384. 

— ,  anatomy,  312. 

- —  and  pituitary,  action  and  inter¬ 
action  of,  64,  328. 

—  and  sympathetic,  relations  between, 
322. 

—  as  a  whole,  functional  significance 
of,  319. 

— ,  blood-supply,  312. 

— ,  compensatory  hypertrophy  of, 
320. 
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Adrenals,  congenital  syphilis  of,  383. 
— ,  cysts  of,  372. 

— ,  embryology,  307. 

— ,  fibrosis  of,  in  Addison’s  disease, 
344. 

— ,  functions  of,  early  views  on,  316. 
— ,  haemorrhages  into,  383. 

— ,  — ,  symptoms,  383. 

— ,  — ,  treatment,  383. 

— ,  histology,  312. 

— ,  historical  account,  301. 

—  in  acromegaly,  9 1 . 

—  in  cretinism,  167. 

—  in  dystrophia  adiposo -genitalis, 
126. 

—  in  generalized  osteitis  fibrosa,  294. 

- —  in  old  age,  314. 

—  in  relation  to  sexual  organs,  318. 

- — ,  lymphatics  of,  312. 

— ,  malignant  disease  of,  associated 
with  Addison’s  disease,  345. 

— , - ,  primary,  378. 

- — ,  miliary  tuberculosis  of,  383. 

— ,  nerve-supply,  312,  314. 

- — ,  physiology,  319. 

- — ,  primary  contracted,  344. 

- — ,  secondary  growths  in,  381. 

- — ,  tuberculosis  of,  in  Addison  s 
disease,  343,  351,  352. 

- — ,  tumours  of,  371. 

— ,  valveless  veins  of,  313. 

— ,  zona  reticularis,  pigmented  ade¬ 
nomas  of,  374. 

Adreno -cortical  stimulating  hormone 
of  anterior  pituitary,  64. 

- syndrome,  33,  105,  361. 

- - — ,  adenomas  causing,  374. 

- — ,  age  in  relation  to,  362. 

- - - — -  and  Cushing’s  syndrome, 

369. 

- - — ,  clinical  picture,  362. 

- - ,  diagnosis,  369. 

- - - — ,  treatment,  370. 

Adreno -genital  syndrome,  361. 
Adrenotropic  principle  of  anterior 
pituitary,  64,  308,  311. 

Aeroceles,  193. 

Aetius  of  Amida  on  goitre,  193,  213. 
Agranulocytic  (chromophobe)  cells  of 
pituitary,  111. 

Albers-Scffionberg’s  disease,  283. 
Albertus  Magnus  on  organic  therapy, 
7. 

Albucasis  the  first  to  operate  for 
goitre,  205,  206. 

Albuminuria  in  toxic  goitre,  243. 
Alimentary  symptoms  of  toxic  goitre, 
243. 

Allergic  states,  adrenaline  in  relation 
to,  360. 
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Alpha-hypophanine,  69. 
Ameloblastomas,  116. 

Amenorrhoea  in  acromegaly,  97. 

—  in  Cushing’s  syndrome,  108. 

—  in  Frohlich’s  syndrome,  127. 

—  in  toxic  goitre,  245. 

Amidopyrine  in  diabetes  insipidus, 

136. 

Amyloid  change  in  adrenals,  345,  384. 
Anaemia  in  myxoedema,  185, 186, 188. 

—  ophthalmica,  208. 

Anaphylactic  shock,  adrenaline  in, 

332. 

,  cortin  protective  against,  325. 
Anasarca  in  myxoedema,  183. 
Anaxagoras  on  the  seat  of  the  soul,  454. 
Androkynin,  391. 

Androsterone,  391. 

Androtin,  391. 

Anencephaly,  adrenal  aplasia  in,  310. 
— ,  causes  of,  310,  311. 

Anginal  pain  in  acromegaly,  97. 

—  in  myxoedema,  185. 

Angiomas  of  adrenals,  373. 

—  of  ovary,  412. 

Angioxyl,  424. 

Animism,  5. 

Anti -hormones,  3,  61,  154. 
Antiscorbutic  action  of  adrenal  cortex 
extract,  327. 

Antithyroidin  inhibitory  to  action  of 
thyroxine,  3. 

Antithyrotropic  substance,  61. 
Antitoxic  power  of  adrenal  cortex,  324. 
Antuitrin,  67. 

—  in  toxic  goitre,  255. 

Aortic  bodies,  315. 

Apinealism,  466. 

Apituitarism,  78. 

Appendix  of  epididymis,  386. 

—  of  testis,  386. 

Arab  medicine,  organic  remedies  in, 
6,  7. 

Arnold  of  Villanova  on  goitre,  193, 
203. 

Arrhenoblastomas,  ovarian,  369,  414. 
Arterial  degeneration,  adrenaline  as 
cause  of,  331. 

-  hypertension,  140,  361,  376;  and 
see  under  Blood-pressure,  Hyper¬ 
tension  . 

Arteritis,  obliterative,  hyperadrenal- 
ism  in  relation  to,  360. 

Arthritis,  adiposis  dolorosa  associated 
with,  481. 

Aschheim-Zondek  test  for  preg¬ 
nancy,  403. 

— ,  experimental  basis  of, 

62,  63. 

in  chorion-epithelioma,  418. 


Aschheim-Zondek  test  in  diagnosis 
of  testicular  tumours,  397. 

— ,  positive,  in  teratomas  of 
testis,  395. 

Aschoff’s  classification  of  goitre,  198. 

Ascorbic  acid  in  adrenal  cortex 
327. 

Asthenia  gravis  hypophyseogenea 
120,  122;  and  see  Simmonds’s 

disease. 

—  in  Addison’s  disease,  349. 

Asthma,  adrenal  insufficiency  in  rela¬ 
tion  to,  359. 

— ,  adrenaline  in,  351. 

— ,  goitre  and,  201. 

- — ,  Kopp’s,  446. 

— ,  Millar’s,  446. 

— ,  thymic,  446. 

Ateleiosis,  117. 

Atrabilia,  316. 

Auricular  fibrillation  after  operation 
for  goitre,  206. 

— ,  tendency  to,  in  toxic  goitre, 
238,  246. 

Autacoid,  2. 

Autonomic  system,  endocrines  in  rela¬ 
tion  to,  1 . 

Avicenna  on  organic  remedies,  6,  7,  8. 

Azoturia,  134. 

Babinski’s  early  description  of  Froh¬ 
lich’s  syndrome,  124. 

Bacillus  coli  in  suppurating  cystic 
thyroid,  269. 

Ballet’s  sign  in  toxic  goitre,  237. 

Bardet-Biedl  syndrome,  130. 

Barraquer’s  disease,  481  ;  and  see 
Lipodystrophia  progressiva. 

Bartholinus,  Caspar,  biography  of, 
303. 

— ,  — ,  on  the  adrenals,  301,  316. 

— ,  Thomas,  biography  of,  303,  305. 

— ,  — ,  on  the  thymus,  435,  440. 

Baruria,  133,  134. 

Basedow,  Carl  Adolph  von,  biography 
of,  215. 

— ,  —  — ,  on  exophthalmic  goitre, 
214. 

Basedow’s  disease,  209 ;  and.  see 
Goitre,  toxic. 

Basophil  adenomas,  106. 

—  cells  of  pituitary,  role  of,  63. 

—  infiltration  of  pituitary  in  relation 
to  blood-pressure,  140. 

Basophilism,  pituitary,  104,  107  ;  and 
see  Cushing’s  syndrome. 

— ,  post-menopausal,  107. 

— ,  pre-pubertal  or  pubertal,  107. 

Bayliss,  W.,  and  hormones,  1,  478. 

Bee  acromegalique,  90,  95. 
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Bones,  fracture  of,  in  Cushing’s  syn- 


Becher,  Johann  Joachim,  biography 
of,  7-8. 

Bednar  cysts,  448,  449. 

Begbie,  on  exophthalmic  goitre,  209, 
216. 

‘Begbie’s  disease’,  210. 

Belladonna  in  treatment  of  toxic 
goitre,  252. 

Bellinger  on  thymus  function,  15. 
Bellingham,  O’Bryen,  biography  of, 
217-18. 

— ,  — ,  on  exophthalmic  goitre,  217. 
Bernard,  Claude,  as  founder  of  con¬ 
ception  of  internal  secretions,  21, 23. 
— ,  — ,  biography  of,  24-5. 

— ,  — ,  on  experimental  polyuria,  134. 
Berthold’s  experiments  on  effects  of 
testicular  transplantation,  20,  390. 
Bezoar  stones,  9. 

Biot’s  breathing  in  Addison’s  disease, 
350. 

Blood-calcium  in  generalized  osteitis 
fibrosa,  297. 

- ,  parathyroid  control  of,  287. 

— -  —  raised  in  myxoedema,  186. 
Blood  changes  in  Frohlich’s  syndrome, 
127,  128. 

Blood-count,  differential  white,  in 
toxic  goitre,  242. 

—  - — ,  in  myxoedema,  185,  186. 

—  in  Addison’s  disease,  350. 

—  in  cretins,  169. 

—  in  toxic  goitre,  242. 
Blood-pressure,  effects  of  hypogly- 

caemia  on,  428. 

- - ,  —  pineal  excision  on,  460,  461. 

- ,  high,  and  eclampsia,  140. 

- ,  — ,  in  adrenal  tumours,  376. 

- ,  — ,  in  Cushing’s  syndrome,  107, 

108. 

- in  toxic  goitre,  239,  240. 

- —  — ,  low,  crises  of,  in  adrenal 
tumours,  376. 

- ,  — ,  in  Addison’s  disease,  349. 

—  — ,  raised  by  adrenal  medulla 
extract,  321 ;  and  see  under  Hyper¬ 
tension. 

Blood-sugar  in  adrenal  inadequacy, 

326. 

- in  toxic  goitre,  242. 

- level,  act  ion  of  anterior  pituitary 

on,  65. 

Blood  -  volume  and  composition, 
adrenal  cortex  in  relation  to,  327. 
Bone,  Ewing’s  sarcoma  of,  as  a  meta¬ 
stasis,  380. 

—  growth  in  cretinism,  167. 

- — ,  parathyroids  in  relation  to,  283. 
Bone-marrow,  influence  of  thyroid 
on,  154. 


drome,  107. 

—  in  achondroplasia,  491. 

Bony  changes  associated  with  para¬ 
thyroid  tumours,  291. 

—  metastasis  of  primary  cancer  of 
thyroid,  264. 

—  overgrowth  in  acromegaly,  dis¬ 
tribution  of,  92. 

Bordeu,  Theophile  de,  biography  of, 
16-17. 

— ,  — ,  on  the  adrenals,  317. 

— ,  — ,  on  internal  secretions,  16,  34. 

Boyle,  Robert,  and  his  Collection  of 
Remedies,  10,  11. 

Brachycephaly  in  the  mongol,  170, 

487. 

Brain  as  a  secretory  organ,  early 
views  on,  18. 

■ —  in  mongolism,  486. 

—  sand,  455. 

Bramwell,  Byrom,  biography  of,  125. 

Brenner  tumour,  415. 

Brissaud’s  myxoedematous  infantil¬ 
ism,  189. 

Bromine  hormone  of  anterior  pitui¬ 
tary,  66. 

Bronchocele,  193. 

— ,  exophthalmic,  208. 

— pulsating,  208. 

Bronzing  of  skin  in  Addison’s  disease, 
346,  349,  353. 

Brown -Sequard  as  founder  of  con¬ 
ception  of  internal  secretions,  21 . 

- - ,  biography  of,  26-8. 

- ,  on  adrenal  function,  25,  28,  29, 

319,  320,  324. 

—  — ,  on  rejuvenating  powers  of 
testicular  extract,  391. 

Bryson’s  sign  in  toxic  goitre,  237. 

Buerger’s  disease,  hyperadrenalism  in 
relation  to,  360. 

Buffon  on  the  corpus  luteum,  401. 

Bull-dog  scalp  in  acromegaly,  92. 

Buphthalmus  hystericus,  208. 

Burnier’s  syndrome,  128. 


Cachexia  hypophysiopriva,  57,  78; 

and  see  Simmonds’s  disease. 

• —  strumipriva,  177. 

- - ,  early  cases  of,  180. 

- ,  first  descriptions  of,  29. 

Cachexie  pachydermique,  176. 

Cachexie  tuberienne,  120,  121 ;  and  see 
Simmonds’s  disease. 

Cagot,  157. 

Calcification  in  goitres,  200. 

—  of  tuberculous  adrenals  in  Addison’s 

disease,  343,  351 . 
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Calcium  excess  in  diet  as  causal  factor 
in  goitre,  197. 

—  for  relief  of  post-parathyroidectomy 
tetany,  287. 

-  in  blood  raised  in  myxoedema,  186. 

-  metabolism,  parathyroids  in  rela¬ 
tion  to,  281. 

— ,  pineal  body  in  relation  to,  462. 
- ,  thymus  in  relation  to,  441. 

—  salts  in  treatment  of  tetany,  288, 
289. 

Calculi,  renal,  associated  with  hyper¬ 
parathyroidism,  296. 

Calorigenic  hormone,  60. 

‘Caput  medusae’  on  neck  in  goitre, 

201. 

Carbohydrate  metabolism,  adrenal 
cortex  in  relation  to,  326. 

—  tolerance  in  myxoedema,  186. 
Carcinogenic  property  and  oestrin,  405. 
Carcinoma-sarcoma  of  thyroid,  263, 

264. 

Carcinoma,  thymocytic,  445. 

Cardiac  hormone,  isolation  of,  36. 

—  symptoms  in  goitre,  201. 

- in  toxic  goitre,  238,  239. 

Carcliogmus  strumosus,  209. 

Cardio -vascular  ataxia,  240. 

- system  in  acromegaly,  97. 

- - —  in  Addison’s  disease,  346. 

- in  myxoedema,  182,  185. 

Carotid  body,  315,  471-5. 

—  - — ,  anatomy,  471. 

- ,  blood-supply,  472. 

—  - — ,  doubtful  endocrine  nature  of, 
472. 

—  - — ,  embryology,  471. 

- extract,  effects  of,  472. 

- ,  function  of,  opinions  on,  472. 

- ,  historical  account,  471. 

- ,  nerve-supply,  472. 

- ,  synonyms,  471. 

- tumours,  472. 

- ,  clinical  picture  of,  473. 

- — ,  surgical  removal  of,  474. 

—  sinus  reflex,  carotid  body  in  rela¬ 
tion  to,  474. 

Carotidine,  472. 

Carpenter,  W.  B.,  on  ductless  glands, 
20,  21. 

Carpo -pedal  contracture,  287. 

Casserio  on  the  thyroid,  142. 
Castration  a  causal  factor  of  acrome¬ 
galy  in  women,  95. 

—  cells  in  anterior  pituitary,  52, 
72. 

— ,  effect  of,  on  adrenal  cortex,  328. 
— ,  — ,  on  thymus,  443. 

— ,  experimental,  effects  of,  393. 

—  in  males,  effects  of,  393. 


Castration,  in  relation  to  pituitary 
eosinophil  cells,  95. 

— ,  post-pubertal,  effects  of,  393. 
Cataract  in  mongols,  488. 

—  in  parathyroid  tetany,  288. 

Celsus  on  cystic  goitre,  193. 

—  on  operation  for  goitre,  205. 
Cephalo -thoracic  lipodystrophy,  482. 
Cerebral  adiposity,  123. 

- in  Frohlich’s  syndrome,  127. 

—  symptoms  from  pressure  by  pineal 
tumour,  466. 

Cerebro  -  pituitary  -  peripheral  adipo  - 
sity,  128. 

Cerebrospinal  fluid,  posterior  pituitary 
secretion  poured  into,  67. 

Chagas’s  disease  affecting  thyroid,  269. 
Chalones,  2. 

Charcot,  on  cachexie  pachydermique, 

176. 

—  on  exophthalmic  goitre,  218. 
Charles  II,  death-bed  of,  10. 
Charleton,  Walter,  452,  on  ductless 

glands,  15,  16. 

Chinese,  organic  remedies  used  by, 
5. 

Chinese  Pharmacopoeia  of  1596,  5. 

- ,  on  seaweed  for  goitre,  203. 

Chlorides,  urinary  output  of,  135. 
Chlorine  content  of  blood,  adrenal 
cortex  in  relation  to,  327. 
Cholesterol  in  pituitary  cranio¬ 
pharyngiomas,  115. 

— ,  role  of  adrenal  cortex  in  forma¬ 
tion  of,  325. 

Cholesterolaemia,  adrenal  cortex  in 
relation  to,  325,  326. 

—  in  Cushing’s  syndrome,  108. 

—  in  myxoedema,  186. 

—  in  toxic  goitre,  243. 
Chondrodystrophia  foetalis,  489  ;  and 

see  Achondroplasia. 
Chondrohypoplasia,  489. 

Chordomas,  116. 

Chorio -adenoma  destruens,  417. 
Choriomas,  417. 

Chorion-epithelioma,  416. 

- ,  extra-genital,  in  males,  397. 

- ,  extra-uterine,  417. 

- ,  historical  account,  416. 

- malignum,  417. 

- of  ovary,  415. 

- of  testis,  397. 

- ,  types  of,  417. 

Choristomas  of  pituitary,  113. 
Chromaffin  cells  of  adrenal  medulla, 
313,  321. 

- ,  tumours  composed  of,  375. 

—  hypoplasia  in  status  lymphaticus, 
329. 
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Chromaffin  structures,  315. 

Chromaffinomas,  malignant,  381. 

Chromatophores  of  Crustacea,  neuro- 
humoral  control  of,  35. 

Chromogen  in  adrenal  medulla,  321. 

Chromophil  cells  of  pituitary,  50, 
51. 

- in  acromegaly,  87. 

—  —  —  in  relation  to  metabolism, 
61,  62. 

Chromophobe  cells  of  pituitary  in 
relation  to  tumours,  62. 

Chromophobe-celled  pituitary  ade¬ 
nomas  and  new  growths,  60. 

- compressing  chromophil 

cells,  131. 

Chronaxie  as  test  of  impending 
tetany,  288. 

Chvostek’s  sign,  286. 

Climacteric,  ovarian  hormones  in  rela¬ 
tion  to,  407. 

Coccygeal  body,  315,  476. 

—  - — ,  anatomy,  476. 

—  - — ,  histology,  476. 

—  - — ,  historical  account,  476. 

—  - — ,  tumours,  476,  477. 

Collagen,  action  of  parathormone  in 

mobilizing,  281. 

Collins,  Samuel,  on  thymus  function, 
440. 

Colloid  in  thyroid  in  toxic  goitre,  229, 
231. 

—  material  in  pituitary,  52,  53,  54. 

— ,  pituitary,  in  Cushing’s  syndrome, 

106. 

Columbus,  Realdus,  on  the  thyroid, 
i45. 

Congenital  heart  disease  in  mongol¬ 
ism,  487. 

Control  of  vegetative  functions  of 
body,  35. 

Convulsions  in  hypoglycaemia,  428, 
429. 

—  in  tetany,  287,  288. 

Cooper,  Astley,  on  testicular  tumours, 
395,  398. 

— ,  — ,  on  the  thymus,  438. 

— ,  — ,  on  thyroid  function,  150,  151. 

Corpora  amylacea,  455,  460. 

Corporin,  63,  406. 

Corpus  luteum,  401. 

—  - —  cysts,  409. 

- ,  functions  of,  406. 

- ,  historical  account,  401. 

—  —  hormones,  406. 

- —  dependent  on  oestrin,  406. 

- inhibiting  muscle,  407. 

—  - — ,  inhibitory  influence  of,  over 
effects  of  oestrin,  406. 

Cortico -adenoma,  malignant,  379. 
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Corticotropic  hormone  of  anterior 
pituitary,  64. 

Cortilactin,  328. 

Cortin  as  protective  against  anaphy¬ 
lactic  shock,  325. 

—  in  Addison’s  disease,  355. 

— ,  isolation  of,  328. 

Cotter,  Patrick,  the  Bristol  giant, 
84. 

Coventry  treatment  for  goitre,  203. 
Cowper,  William,  on  thymus  function, 
441. 

— ,  — ,  on  thyroid  function,  142. 
Cranio -hypophysial  xanthomatosis, 
139. 

Cranio-pharyngiomas  compressing 
pituitary,  78. 

. —  —  — ,  as  cause  of  dystrophia 
adiposo -genitalis,  126. 

- - — ,  clinical  effects  of,  116. 

- ,  types  of,  114,  115. 

- ,  surgical  treatment  of,  128. 

Cranium  progeneum  in  acromegaly, 
92. 

Creatinuria  in  Addison’s  disease,  351. 
Cretin,  etymology  of,  157. 

Cretinism,  157-72. 

— ,  aetiology,  163. 

—  an  arrest  of  development,  168. 

—  associated  with  lingual  thyroid, 
261. 

— ,  classification,  160. 

- — ,  clinical  picture,  167. 

—  confused  with  other  diseases,  169. 

- — ,  diagnosis,  169. 

- — ,  endemic,  and  goitre,  163. 

- — ,  — ,  in  Britain,  161. 

— ,  forms  of,  164,  165. 

— ,  heredity  as  causal  factor,  163,  165. 
— ,  historical  account,  158. 

— ,  identity  of,  with  hypothyroidism, 

163. 

- — ,  morbid  anatomy,  166. 

- — ,  nomenclature,  157. 

— ,  pituitary  changes  in,  72. 

— ,  prognosis,  170. 

— ,  prophylaxis,  172. 

— ,  relation  of  endemic  and  sporadic, 

164. 

- — ,  sex  incidence  of,  163. 

— ,  sporadic,  158,  161,  162,  164. 

- — ,  synonyms,  157. 

— ,  theories  as  to  cause,  160. 

— ,  treatment,  171,  172. 

Crises  in  Addison’s  disease,  350. 

— ,  hypertension,  in  adrenal  tumours, 
376. 

Cryptorchidism,  388. 

— ,  associated  abnormalities  of,  388. 
Culpeper,  Nicholas,  10,  285. 
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Curare,  effect  of,  in  experimental 
tetany,  289. 

Curling,  T.  B.,  on  cause  of  cretinism, 
20,  160,  161. 

—  on  testicular  tumours,  395. 
Cushing’s  syndrome,  104. 

— ,  adrenal  cortex  in  relation  to, 

105. 

- ,  aetiology,  107. 

— ,  clinical  features,  106,  107. 

-  and  adreno -cortical  syndrome, 
369. 

- ,  diagnosis,  109. 

- ,  forms  of,  107. 

— ,  morbid  anatomy,  106. 

- ,  prognosis,  109. 

- ,  treatment,  109. 

Cutis  verticis  gyrata  in  acromegaly, 
92. 

Cuvier,  on  anatomy  of  adrenals,  306, 
312. 

Cyanide  as  a  goitrogenic  factor  in 
food,  197. 

Cyst-adenomas  of  ovary,  410. 

- ,  forms  of,  410. 

- - — ,  origin  of,  410. 

— ,  pseudo -mucinous,  411. 

- ,  serous,  410. 

Cystic  goitre,  200. 

Cystine  hydrochloride  in  Addison’s 
disease,  356. 

Cysts  of  adrenals,  372. 

— ,  branchial,  144. 

— ,  ovarian,  408. 

— ,  parovarian,  410. 

— ,  pineal,  463. 

— ,  pituitary,  110. 

—  of  thymus,  444. 

— ,  thyroid,  144,  200. 

Dalrymple’s  sign  in  toxic  goitre,  237. 
Davy,  Sir  Humphry,  and  iodine, 
203. 

Death,  sudden,  in  Addison’s  disease, 
353. 

— ,  — ,  in  hypertension  crises,  376. 

— ,  thymic,  446. 

Deciduoma  malignum,  417. 
Deficiency  diseases,  41. 

—  syndromes  due  to  compression  by 
parahypophysial  tumours,  123. 

Dentition  in  cretinism,  168. 

Dercum,  Francis  Xavier,  biography 
of,  480. 

Dercum’s  disease,  480;  and  see  Adi¬ 
posis  dolorosa. 

Dermoid  cysts  of  ovary,  412. 

Dermoid  tumour  of  testicle,  394. 
Descartes,  Rene,  biography  of,  452-3. 
— ,  — ,  on  pineal  body,  452. 


Diabetes  insipidus,  133  et  seq. 

- ,  causation,  134. 

- ,  clinical  picture,  135. 

- ,  forms  of,  135. 

— ,  historical  account  of,  133. 

- ,  incidence,  135. 

- ,  treatment,  135. 

—  mellitus  and  acromegaly,  98;  and 
the  endocrine  glands,  430. 

- associated  with  hyperthyroid¬ 
ism,  187,  433. 

- ,  clinical  milestones  in,  433. 

- ,  endocrine  glands  in,  432. 

—  — ,  enlargement  of  islands  of 
Langerhans  in,  425. 

- ,  heredity  in,  431. 

- ,  historical  account  of,  430. 

- ,  in  relation  to  acromegaly,  99. 

- ,  Mendelian  aspects  of,  431. 

- ,  pancreatic  origin  of,  432. 

- ,  urine  in,  430,  431. 

Diabetic  symptoms  in  myxoedema, 
187. 

Diabetogenic  principle  in  anterior 
pituitary,  65. 

Diaphragm,  spasm  of,  in  tetany,  287. 
Diarrhoea  in  toxic  goitre,  241,  243. 
Diemerbroeck,  Y.  van,  on  the 
pituitary,  42. 

Diet  in  relation  to  aetiofbgy  of  goitre, 
196,  197. 

—  in  toxic  goitre,  252. 

— ,  unbalanced,  as  causal  factor  in 
goitre,  197. 

Di-iodo-thyronine  in  treatment  of 
myxoedema,  191,  192. 
Di-iodo-tyrosine,  effect  of,  in  toxic 
goitre,  254. 

—  — ,  myxoedema  following  treat¬ 
ment  of  toxic  goitre  by,  181. 

Dioscorides,  organic  remedies  pre¬ 
scribed  by,  6. 

Diuretic  and  anti-diuretic  effects  of 
posterior  pituitary  extracts,  70. 
Dixon,  W.  E.,  biography  of,  36,  37. 
Dolichocephaly  in  the  cretin,  168, 
170. 

Dodds,  E.  C.,  and  gastrotropic  hor¬ 
mone,  71. 

Down,  J.  Langdon,  and  mongolism, 
484. 

Drelincourt,  Charles,  biography  of, 
456. 

Dubois’s  abscesses,  448. 

Ductless  glands,  4. 

— ,  early  views  on,  1 5 ;  and  see  under 
Endocrine  glands. 

Dwarfism  due  to  xanthomatosis  of 
pituitary,  139. 

— ,  pituitary,  117,  118. 
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Dysgerminoma,  415. 

Dysinsulinism,  426. 

Dyspnoea  in  goitre,  201. 

—  in  thymic  tumour,  445,  446. 
Dysthyroidism,  246. 

Dystrophia  adiposo-genitalis,  78,  123. 
- ,  clinical  picture,  127. 

—  —  — ,  cranio -pharyngiomas  in 
relation  to,  116. 

- ,  differential  diagnosis,  128. 

- ,  due  to  injury,  126. 

—  - - ,  historical  account  of,  123, 

124. 

- ,  morbid  anatomy,  126. 

- ,  neurofibromatosis  as  causal 

factor  in,  139. 

- ,  pathogeny,  124. 

- ,  surgical  treatment,  128. 

—  cachecto -genitalis,  120;  and  see 
Simmonds’s  disease. 

Eclampsia,  arterial  hypertension  and, 
140. 

Ectopia  testis,  388. 

Egyptians,  ancient,  organic  remedies 
used  by,  5,  6. 

Electrical  resistance  of  body  lowered 
in  toxic  goitre,  245. 
Electrocardiogram  in  myxoedema, 
185. 

—  in  toxic  goitre,  238. 

Embryomas  of  ovary,  412. 

—  of  testicle,  396. 

Emmenin,  404. 

Encephalitis,  epidemic,  associated 
with  toxic  goitre,  251. 

Endarteritis,  obliterative,  relieved  by 
parathyroidectomy,  283. 

Endocrine  diseases,  doubtful,  480. 

—  - — ,  mechanisms  of,  causation  of, 
31. 

—  glands,  anatomical  recognition  of, 
11.  ' 

—  - —  in  acromegaly,  90,  91. 

— —  in  Cushing’s  syndrome,  107. 

—  — ,  interaction  and  interdepen¬ 
dence  of,  32. 

— ,  interactions  of  thyroid  with, 
155  et  seq. 

- ,  inter-relations  between  pituitary 

and,  60,  64,  71,  72;  and  see  under 
Individual  glands. 

- ,  role  of,  1. 

- ,  secreting  adenomas  of,  38. 

— ,  use  and  etymology  of  word,  4. 
Endocrinology,  advance  of,  1. 

— ,  journals  devoted  to,  1. 
Endometrioma  and  endometriosis, 
409. 

Endometritis,  syncytial,  417. 
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Enuresis  from  thyroid  medication  in 
cretins,  171,  172. 

Environment  in  relation  to  goitre, 
195. 

Eosinophil-celled  adenomas  of  pitui¬ 
tary,  89,  90. 

Eosinophil  cells  of  pituitary,  increase 
of,  in  acromegaly,  85. 

—  the  source  of  the  growth 
hormone,  59,  60. 

Eosinophil  hyperplasia  of  pituitary, 
benign,  104. 

Ephedrine  in  Addison’s  disease,  355. 
Epidermoids,  116. 

Epididymis,  386. 

— ,  enlargement  of,  in  Frohlich's 
syndrome,  127. 

— ,  malignant  tumours  of,  398. 

— ,  tumours  of,  398. 

Epilepsy,  hypoglycaemia  in  relation 
to,  429. 

Epinephrine,  323. 

Epistaxis  in  acromegaly,  97. 
‘Epithelial  bodies’,  275. 

Epoophoron,  401. 

Erb’s  sign,  96. 

Erdheim’s  glands,  53. 

Ergosterol,  irradiated,  in  treatment 
of  tetany,  289. 

Erythrocytes  increased  by  thyroid 
extract,  154. 

Eschatin  in  Addison’s  disease,  355. 
Eunuchoid  gigantism,  127. 

Eunuchs,  adiposity  in,  393. 
Eustachius  on  the  adrenals,  301. 

- —  on  the  thyroid,  142. 

Ewing’s  sarcoma,  380. 

Exhaustion  myxoedema,  179. 
Exophthalmic  cachexia,  208. 

—  goitre,  false,  201. 

— ,  objections  to  term,  208 ;  see 
also  Goitre,  toxic. 

Exophthalmos,  cause  of,  223,  235. 

— ,  effect  of  thyroidectomy  on,  256. 
— ,  experimental  production  of,  227. 

—  in  acromegaly,  98. 

—  in  syphilis  of  pituitary,  138. 

—  in  toxic  goitre,  235. 

— ,  malignant,  236. 

Exostoses  in  acromegaly,  92. 
Exothyropexie,  257. 

Eye  symptoms  in  acromegaly,  97. 
Eyebrow  sign  in  cretinism,  168;  in 
myxoedema,  184. 

Eyes  in  mongols,  488. 

Fabricius  on  goitre,  193. 

Facies  in  acromegaly,  95. 

—  in  Brissaud’s  infantilism,  189. 

— -  in  cretinism,  168,  170. 
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Facies,  in  lipodystrophia  progressiva, 
483. 

—  in  mongolism,  487,  488. 

—  in  myxoedema,  184. 

Fagge,  Charles  Hilton,  biography  of, 
161,  162. 

— , - ,  on  cretinism,  158,  164. 

— , - , - appearing  in  adult  life, 

172. 

Fagge’s  disease,  157,  158. 

Fallopian  tubes,  401. 

Fat-metabolism  hormone  in  anterior 
pituitary,  65. 

Fatty  tumours  in  cretins,  167. 

Fehling’s  solution,  434. 

Feminin,  403. 

Fertility,  thymus  in  relation  to,  442. 

Fertilization,  oestrin  in  relation  to, 
404. 

Fibro -epithelioma  mucinosum  be- 
nignum  ovarii,  415. 

Fistulae  in  neck,  branchial,  144. 

Flajani,  Guiseppe,  on  goitre,  211. 

Flajani’s  disease,  209. 

Flushing  in  toxic  goitre,  245. 

Focal  sepsis  in  relation  to  toxic  goitre, 

221. 

Foetal  adenomas  of  pituitary,  113. 

- thyroid,  199. 

—  adrenal  cortex,  309. 

Folliculin,  62,  403. 

Folliculoma  malignum  ovarii,  414. 

Fontanelle  in  cretins,  168. 

Fraga’s  syndrome,  353. 

Fraser’s  classification  of  goitre,  198. 

Friedman’s  test  for  pregnancy,  403. 

Fright  as  cause  of  toxic  goitre,  234. 

Frohlich’s  syndrome,  78,  123. 

- ,  cryptorchidism  associated  with, 

388;  see  also  Dystrophia  adiposo- 
genitalis. 

Fuchsinophil  reaction  in  adrenal  cor¬ 
tex,  327. 

- of  cells  of  foetal  cortex,  310. 

‘Fungoid  disease’  of  testicle,  395. 

Galactagogue  effect  of  posterior 
pituitary,  71. 

Galactin,  66. 

Galactogenic  hormone  of  anterior 
pituitary,  66. 

Galen  on  function  of  pituitary,  11,  42. 

- of  thymus,  440. 

- -of  thyroid,  142. 

—  organic  remedies,  6. 

—  thyroid  secretion,  15. 

Ganglion  minutum,  471;  and  see 

Carotid  body. 

Ganglionectomy,  sympathetic,  for 
hypoparathyroidism,  289. 


Ganglioneuromas  of  adrenal  medulla, 
378. 

Gangrene,  spontaneous,  hyperadrenal- 
ism  in  relation  to,  360. 
Gastrotropic  hormone  of  posterior 
pituitary,  71. 

Gavachos,  157. 

Genital  hyperplasia  in  women  in 
acromegaly,  93. 

- in  Cushing’s  syndrome,  108. 

—  hypoplasia  produced  by  hypo- 
physectomy,  62. 

—  organs  in  acromegaly,  93,  97. 
- in  Frohlich’s  syndrome,  127. 

—  symptoms  in  myxoedema,  187. 
Genito-dystrophic  gerodermia,  119. 
Genito-pituitary  adiposity,  123. 
Giant,  the  Portuguese,  94. 

Giants  in  history  and  art,  82. 

— ,  the  Irish,  82,  83,  84. 

Gibson,  Thomas,  biography  of,  43. 

— ,  — ,  on  pineal  body,  451. 

— ,  — ,  on  pituitary,  43,  44. 

— ,  — ,  on  the  pomum  Adami,  142. 
von  Gierke’s  disease,  as  cause  of  in¬ 
fantilism,  189. 

- ,  relation  of  pituitary  to,  66. 

Gifford’s  sign  in  toxic  goitre,  237. 
Gigantism  and  acromegaly,  88. 

—  due  to  anterior  lobe  pituitarism, 
77. 

—  in  rats  produced  by  anterior 
pituitary  extract,  59. 

—  with  infantilism  in  acromegaly,  97. 
Gilbert  (1250),  on  organic  remedies,  7. 
Giralcles,  organ  of,  386. 

Glomus  caroticum,  47 1 ;  and  see 
Carotid  body. 

—  coccygeum,  476  ;  and  see  Coccygeal 
body. 

Glucose  tolerance  in  cretinism,  169. 
Glycogen,  in  parathyroid  tumours, 
290. 

Glycogen-storage  disease,  139. 
Glycosuria  caused  by  adrenaline,  323. 

—  in  acromegaly,  98,  99. 

- ,  causation  of,  99. 

—  in  myxoedema,  186. 

—  in  toxic  goitre,  242,  243. 

Goetsch  test  for  toxic  goitre,  241. 
Goitre,  192-207. 

— ,  adenomatous,  199. 

— ,  aetiology,  194,  195. 

— ,  age  incidence,  195. 

—  asthma  and,  201. 

- —  Basedowifie,  202,  223. 

— ,  ‘benign  metastasizing’,  264. 

— ,  classification,  198,  199. 

— ,  clinical  picture,  201  et  seq. 

— ,  colloid,  198,  199. 
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Goitre,  complications,  202. 

— ,  congenital,  199. 

— ,  cystic,  200. 

—  death,  201. 

— ,  early  theories  about,  194. 

— ,  endemic  and  sporadic,  differences 
between,  195. 

— ,  — ,  limestone  in  relation  to, 

194. 

— ,  — ,  prophylactic  use  of  iodine  for, 

204. 

— ,  endogenous  factors  in  causation 
of,  195. 

— ,  environmental  factors  in  causation 
of,  195. 

— ,  exogenous  factors  in  causation  of, 

195. 

— ,  exophthalmic,  208 ;  see  under 
Goitre,  toxic. 

—  and  acromegaly,  91. 

— ,  false  exophthalmic,  201. 

— ,  genetic  factors  in  causation  of, 
195. 

— ,  historical  account  of,  193,  194. 

— ,  hypertrophic,  198. 

—  in  paintings  of  old  masters,  193, 
194. 

—  in  relation  to  endemic  cretinism, 

163. 

— ,  intrathoracic,  201. 

— ,  iodine  in  treatment  of,  203,  204, 

205. 

— ,  lingual,  260. 

— ,  lymphadenoid,  270. 

— ,  morbid  anatomy,  198. 

— ,  nodular,  199. 

— ,  nomenclature,  192,  193. 

— ,  operative  treatment,  202,  205. 

— , - ,  historical  account  of,  205. 

— , - ,  indications  for,  205. 

— ,  parenchymatous,  198. 

— ,  pathogeny,  195. 

— ,  plunging,  201. 

— ,  prophylactic  use  of  iodine  in,  204. 
— ,  retrosternal,  201. 

— ,  secondary  exophthalmic,  diag¬ 
nosis  of,  from  Graves’s  disease,  249, 
250. 

— ,  sex  incidence,  195. 

— ,  simple,  transformation  of  into 
toxic,  205. 

— ,  sublingual,  260. 

— ,  surgical  treatment,  202,  205. 

—  susceptibility  to,  195. 

Goitre,  toxic,  208-59 ;  see  also  Hyper¬ 
thyroidism  and  Exophthalmic 
goitre. 

—  and  acromegaly,  98. 

— ,  — ,  adrenal  cortex  in  treatment  of, 
329. 
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Goitre,  toxic,  adrenal  factor  in,  226. 
— ,  — ,  aetiology,  219. 

— ,  — ,  age  incidence,  219. 

- — ,  — ,  association  of  Addison’s 

disease  with,  353. 

— ,  — ,  —  of  epidemic  encephalitis 
with,  251. 

— ,  — ,  basal  metabolic  rate  in,  244. 
— ,  — ,  blood  in,  242,  243. 

- — ,  — ,  choice  of  treatment  for,  258. 
— ,  — ,  clinical  manifestations,  234. 

— ,  — ,  constitutional  factor  in,  220. 

- — ,  — ,  diabetes  mellitus  and,  98. 

- — ,  — ,  diagnosis,  249. 

— ,  — ,  diffuse,  209. 

- — ,  — ,  eponyms,  209. 

- — ,  — ,  experimental  production  of, 
226. 

— ,  — ,  fright  causing,  213,  222. 

- — ,  — ,  geographical  distribution,  220, 
221. 

— ,  — ,  heredity  as  causal  factor,  220. 
— ,  — ,  historical  account,  210-19. 

— ,  — ,  hypotheses  as  to  nature  of, 
223. 

— ,  — ,  incomplete  forms,  245,  246. 

— ,  — ,  infective  factors  in  aetiology 
of,  221. 

— ,  — ,  morbid  anatomy,  228. 

— ,  - — ,  nervous  factors  in  aetiology 
of,  234. 

— ,  — ,  operative  treatment,  255. 

— ,  — , - ,  indications  for,  257. 

- — ,  — ,  pituitary  factor  in,  226. 

— ,  — ,  premonitory  symptoms,  234. 
— ,  — ,  prognosis,  251. 

— ,  — ,  psychic  trauma  as  causal 
factor  in,  222. 

— ,  — ,  sex  incidence,  219. 

— ,  — ,  signs  of,  237. 

— ,  — ,  status  lymphaticus  in  relation 
to,  220. 

- — ,  — ,  sympathetic  factor  in,  225, 
226. 

— ,  — ,  synonyms,  208. 

— ,  — ,  syphilis  in  relation  to,  222. 

- — ,  — ,  thymus  in,  226. 

— ,  — ,  thyroid  hypothesis  of,  224. 

— ,  — ,  —  secretion  in,  225. 

— ,  — ,  thyrotoxic  crises  in,  241. 

— ,  — ,  treatment,  252. 

- — ,  — ,  tuberculosis  in  relation  to, 
221. 

— ,  — ,  urine  in,  243. 

■ — -,  treatment  of,  203. 

— ,  X-ray  therapy  of,  206. 

Goitres,  pituitary,  110. 

Goitrogenic  factor  in  food,  197. 
Goitrous  swelling,  201. 

Golgi  apparatus  of  thyroid,  147,  230. 


INDEX 


504 

Gonadotropic  hormone  of  anterior 
pituitary,  62 ;  and  see  Prolan. 
Gonads,  the,  385-418. 

— ,  adrenal  cortex  and,  326,  327,  328. 
and  thymus,  relations  between, 
443. 

and  thyroid,  relations  between, 
155,  156. 

— ,  effect  of  adrenalectomy  on,  329. 
Goodhart  on  cretinism,  163. 

Goodsir  on  histology  of  thyroid,  146. 
de  Graaf,  Regnier,  biography  of,  399. 
— ,  — ,  on  the  corpus  luteum,  401. 

— ,  — ,  on  the  ovaries,  399. 

— ,  — ,  on  the  testis,  385. 
von  Graefe’s  sign  in  toxic  goitre, 
237. 

Granulosa-celled  carcinoma  of  ovary, 

414. 

—  tumours,  radio -sensitivity  of, 

415. 

Graves,  Robert  James,  biography  of, 
213,  214. 

— , - ,  on  toxic  goitre,  213. 

Graves’s  disease,  209. 

—  — ,  pituitary  in  relation  to,  33 ; 
and  see  under  Goitre,  toxic. 

Grawitz  tumours,  374. 

— ,  accessory  adrenals  in  relation 
to,  315. 

Greenfield,  William  Smith,  biography 
of,  229,  230. 

— ,  —  — ,  on  pathology  of  toxic 
goitre,  229. 

Greenhow  on  Addison’s  disease,  338. 
Greenhow’s  disease,  339,  353. 

Growth  and  development,  thyroid 
influence  on,  154. 

—  in  mongols,  488. 

— ,  role  of  parathyroids  in  relation  to, 
282. 

Growth-promoting  hormone  of  an¬ 
terior  pituitary,  59. 

- in  relation  to  tumour 

formation,  59. 

Guanidine  in  relation  to  tetany,  281, 

286. 

Gull,  William  Withey,  biography  of, 
173,  174. 

— , - ,  on  myxoedema,  29,  158, 

163,  173. 

Gull’s  disease,  176. 

Gulliver,  on  the  adrenals,  19,  318. 
Gumma  of  pineal,  464. 

—  of  pituitary,  137. 

—  of  thyroid,  273. 

Guthrie,  Leonard,  on  adreno -cortical 
syndrome,  366. 

— ,  — ,  Napoleon  andhypopituitarism, 
132. 


Guthrie,  Leonard,  on  pineal  body, 
452. 

Gynaecomastia  in  chorion-epitheli¬ 
oma  of  testis,  397. 
in  cortical  hypernephroma,  369. 

—  in  pineal  tumours,  468. 

Hadden,  Walter  Baugh,  biography 
of,  176. 

Haemangioma,  of  adrenals,  373. 

—  of  ovary,  412. 

—  of  pituitary,  182. 
Haemangiopinealoma,  468. 
Haemochromatosis,  132. 
Haemocrinin  in  toxic  goitre,  254. 
Haemophilia,  oestrin  in  relation  to, 

405. 

Haemopoietin,  478. 

Haemorrhages  into  adrenals,  383. 

—  into  thymus,  449. 

Hair  in  cretinism,  168. 

—  in  myxoedema,  184. 

Haller  on  the  corpus  luteum,  401. 

—  on  ductless  glands,  18. 

—  on  vascular  or  blood  glands,  4. 
Hand-Schuller-Christian  syndrome, 

139. 

Hands  in  achondroplasia,  491. 

—  and  feet  in  acromegaly,  96. 

—  in  cretins,  168. 

—  in  mongols,  488. 

—  in  myxoedema,  184. 

Harmozones,  2. 

Hassall,  Arthur  Hill,  biography  of,  437. 

-  on  pineal  concretions,  458. 
Hassall’s  corpuscles,  436,  438. 

- in  toxic  goitre,  232. 

Headache  in  acromegaly,  97. 

Heart  in  acromegaly,  90. 

—  in  cretinism,  169. 

—  in  mongolism,  487. 

—  in  toxic  goitre,  232. 

— ,  the  myxoedema,  185. 

Heberden  the  elder  on  cases  possibly 

of  toxic  goitre,  213. 

- on  ‘mithridatium’,  9,  10. 

Hebin,  60. 

Hemianopia,  bitemporal,  in  myxoe¬ 
dema,  187. 

— ,  heteronymous  bilateral,  in  acro¬ 
megaly,  97. 

Hemiplegia  in  toxic  goitre,  241,  242. 
Henle  on  structure  of  glands,  20. 
Hepato  -nephromegalia  glycogenica, 
as  affecting  pituitary,  139. 
Hermone,  2. 

Herring’s  bodies  in  the  pituitary,  54. 
Hertoghe’s  benign  hypothyroidism, 
188,  189. 

Hippocrates  on  goitre,  193. 
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Hirsuties,  adrenal,  361,  368. 

—  in  Cushing’s  syndrome,  107. 

His,  canal  of,  144. 

—  on  development  of  thyroid,  143. 
Histamine,  37. 

Hodgkin's  lymphogranuloma  of 
thyroid,  273. 

Holmes,  Timothy,  and  operation  for 
goitre,  206. 

Homeostasis,  23. 

Hormone,  abnormal,  as  cause  of 
disease,  30,  31. 

— ,  absence  of,  as  cause  of  disease,  31. 

—  of  adrenal  cortex,  328. 

— ,  adreno- cortical  stimulating,  64, 
308,  311. 

— ,  adrenotropic,  of  anterior  pituitary, 

64. 

— ,  bromine,  66. 

— ,  cardiac,  36. 

— ,  contra-insulin,  65. 

— ,  corpus  luteum,  406. 

— ,  excess  of,  as  cause  of  disease,  30,  3 1 . 
— ,  fat-metabolism,  in  anterior  pitui¬ 
tary,  65,  66. 

— ,  galactogenic,  66. 

— ,  gastrotropic,  71. 

— ,  gonadotropic,  of  anterior  pituitary, 
62  ;  and  see  Prolan. 

— ,  heterosexual,  of  adrenal  cortex, 
328. 

— ,  insulinotropic,  65. 

— ,  ketogenic,  in  anterior  pituitary,  65. 
— ,  lactogenic,  66. 

— ,  mammotropic,  66. 

— ,  oestrus -producing,  of  ovary,  403. 

- — ,  pancreatotropic,  65. 

- —  of  parathyroids,  281,  287. 

— ,  parathyrotropic,  295. 

— ,  testicular,  effects  of,  391. 

— ,  thyrotropic,  of  anterior  pituitary, 
60/100. 

_ ?  t - ,  influence  of,  on  meta¬ 
bolism,  61,  62. 

_  _ ? - ,  inhibitory  substance 

to,  61. 

- — ,  use  of  the  term,  2. 

Hormones,  ovarian,  402. 

- — ,  — ,  action  of,  63. 

—  of  pituitary  anterior  lobe,  58. 

— ,  sex,  male,  390. 

— ,  — ,  resemblances  between,  385. 

— ,  thyroid,  in  toxic  goitre,  225. 

— ,  vitamins  and,  relations  between,40. 
Hormopoiesis,  4. 

Hormothyrin,  61. 

Horsley,  Victor,  on  results  of  thyroid¬ 
ectomy,  152,  178. 

— ?  — 5  on  thyroid  as  a  gland,  152. 
Hurthle’s  cells  in  thyroid,  147. 
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Hutchinson,  J.,  on  tumours  of  carotid 
body,  472. 

Hutchinson -Gilford  syndrome,  118; 
and  see  Progeria. 

Hutchison’s  type  of  neuroblastoma, 
381. 

Hydatid  cysts  of  adrenals,  372. 

- thyroid,  274. 

—  of  Morgagni,  385,  386,  401. 

- ,  fibroma  of,  398. 

Hydrocephalus,  pineal  tumours  in 

relation  to,  463,  466. 
Hydrophthalmia,  235. 

Hyclruria,  134. 

Hyperadrenalism,  360. 
Hypercalcaemia,  sclerodermia  associ¬ 
ated  with,  284. 

Hyperepinephrinism,  clinical  symp¬ 
tomatic,  377. 

Hyperfolliculinism,  414. 
Hyperglycaemia  due  to  oxytocin,  71. 

—  due  to  vasopressin,  71. 

—  from  stimulation  of  adrenal 
medulla,  323. 

— ,  hormones  causing,  423. 

—  in  Cushing’s  syndrome,  107. 
Hyperinsulinism  and  liypoglycaemia, 

426. 

- historical  account,  426. 

Hypernephroma,  371. 

— ,  adrenal  cortical,  369. 

• — ,  ‘ovarian’,  316. 

— ,  renal,  accessory  adrenals  in  rela¬ 
tion  to,  315. 

— ,  — ,  and  bony  metastases  in,  379. 
Hyperparathyroidism,  291. 

— ,  arthritic  form  of,  283. 

— ,  causes  of,  291. 

— ,  diagnosis,  difficulty  of,  298. 

— ,  osteoclastic  effect  of,  283. 

— ,  renal  calculi  associated  with,  296. 
— ,  —  lesions  in,  296. 

Hyperpinealism,  467. 
Hyperpituitarism  as  cause  of  acrome¬ 
galy,  87,  88. 

— ,  benign  eosinophil,  104. 

—  due  to  chromophil-celled  adenomas, 

112. 

— ,  effects  of,  on  other  glands,  33. 

—  of  anterior  lobe,  77. 

• — ,  temporary  basophilic,  104. 
Hypertension,  arterial,  adiposis  dolo¬ 
rosa  associated  with,  481. 

— ,  — ,  and  eclampsia,  140. 

— ,  - — ,  hyperadrenalism  in  relation 
to,  361. 

— ,  in  Cushing’s  syndrome,  108. 
— ,  — ,  relation  of  adrenal  tumours  to , 

376. 

—  crises,  376. 
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Hypertension  crises,  conditions  of 
occurrence  of,  377. 

- ,  symptoms,  376. 

— ,  thyrotoxic,  240. 

Hyperthyroid  constitution,  220. 
Hyperthyroidism  after  removal  of 
gonads,  156. 

as  cause  of  auricular  fibrillation, 
246. 

from  thyroid  addiction  or  exces¬ 
sive  medication,  268. 

• —  in  toxic  goitre,  225. 

Hypert  richosis  in  Cushing’s  syndrome, 
107. 

Hypoglycaemia,  causes  of,  426,  427. 
— ,  foetal,  428. 

— ,  functional,  428. 

— ,  hepatogenous,  428. 

— ,  historical  account,  426. 

— ,  hormones  causing,  423. 

— ,  hyperinsulinism  and,  426. 

—  in  Addison’s  disease,  350. 

—  in  Simmonds’s  disease,  122. 

— ,  organic,  diagnosis,  429. 

— ,  — ,  surgery  in,  429. 

— ,  pituitary  spontaneous,  428. 

— ,  sex  incidence,  428. 

— ,  spontaneous,  426. 

— ,  symptoms,  428. 

— ,  treatment,  429. 

with  adrenal  insufficiency,  360. 
Hypoparathyroidism,  285. 

— ,  sympathetic  ganglionectomy  for, 
289. 

Hypophysectomy,  effect  of,  on 
adrenal  cortex,  64. 

— ,  — ,  on  mammary  secretion,  66. 

— ,  — ,  on  pancreas,  65. 

— ,  — ,  on  sensitivity  to  insulin,  72. 

— ,  — ,  on  tumour  growth,  59,  60. 

— ,  genital  hypoplasia  after,  62. 

— ,  results  of,  56,  57. 

Hypophysial  complex,  46. 
Hypophysial  duct  tumours,  114. 
Hypophysio -portal  system  of  veins, 
48. 

Hypophysis,  42 ;  and  see  Pituitary. 
Hypophysis-adrenal  system  in  rela¬ 
tion  to  eclampsia,  140. 
Hypopinealism,  466. 

-  and  mental  deficiency,  464. 
Hypopituitarism,  78,  117  et  seq. 

— ,  effect  of,  on  other  glands,  33. 

— ,  persistence  of  thymus  in,  442. 

— ,  treatment,  118. 

Hypothalamo -pituitary  adiposity,  132. 
Hypothalamus,  anatomical  relations 
with  pituitary,  57. 

—  control  on  pituitary  and  other 
endocrines,  58. 


Hypothalamus,  in  relation  to  dys¬ 
trophia  adiposo-genitalis,  125. 

— ,  injury  to,  in  hypophysectomy,  57. 
Hypothyroidism,  157  et  seq. 

—  and  cretinism,  identity  of,  163. 

— ,  benign,  188,  189. 

—  in  relation  to  diabetes  insipidus, 
135. 

Impotence  in  acromegaly,  97. 

in  chromophobe  pituitary  ade¬ 
nomas,  132. 

—  in  Cushing’s  syndrome,  108. 
Infant  Hercules  type,  adrenal,  362, 

366,  368. 

Infantilism,  adrenal,  360. 

— ,  Brissaud’s  myxoedematous,  189. 
— ,  causes  of,  189. 

— ,  delayed  pituitary,  117. 

— ,  gigantism  with,  in  acromegaly, 
97. 

—  in  Frohlich’s  syndrome,  127. 

—  in  renal  inadequacy,  360. 

— ,  Lorain’s,  189. 

— ,  pituitary,  117. 

— ,  retrograde,  189. 

— ,  thyroid,  188,  189. 

Infantilisme  gero-dystrophique,  119. 
Infection,  liability  to,  in  Cushing’s 
syndrome,  108. 

— ,  role  of,  in  causation  of  goitre,  196. 
— ,  spread  of,  to  pituitary,  138. 
Inhibin,  391. 

Inhibitin,  35. 

Inhibitory  principles  in  internal 
secretions,  3,  4. 

Inosite  in  diabetes  insipidus,  135. 
Insulin,  423. 

- — ,  adrenaline  and,  antagonism 
between,  323,  351. 

—  antagonized  by  other  internal 
secretions,  423. 

—  in  diabetes  in  acromegalics,  99. 

—  in  treatment  of  toxic  goitre,  253. 
— ,  isolation  of,  422. 

- —  sensitiveness  increased  in  myxoe- 
dema,  184. 

Insulinotropic  hormone  of  anterior 
pituitary,  65. 

Intercarotid  body,  471 ;  and  see  Caro¬ 
tid  body. 

Intermedin,  64,  70,  77. 

—  as  an  anti-diuretic,  136. 

Internal  secretion,  abnormal,  as 

cause  of  disease,  30,  31. 

- ,  excessive,  as  cause  of  disease, 

30,  31. 

—  — ,  glands  of,  first  anatomical 
recognition  of,  19. 

- ,  lack  of,  as  cause  of  disease,  31. 
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Internal  secretions,  1 . 

- antagonistic  to  insulin,  323,  351, 

423. 

- ,  first  conceptions  of,  16,  18  et 

seq.,  150. 

Inter-relations  of  thyroid  and  pitui¬ 
tary,  60,  61,  72;  see  also  under 
Individual  glands. 

Inter-renalin  in  Addison’s  disease, 
355. 

Interstitial  cells  of  testis,  387. 

- at  different  ages,  387. 

- ,  fat-soluble  hormone  of,  391. 

- ,  function  of,  387. 

- ,  hyperplasia  of,  396. 

- ,  tumour  of,  396. 

_  - — .  — ,  water-soluble  hormone  of, 

392. 

Intestinal  hypertrophy  in  acrome¬ 
galy,  90,  93. 

Intracranial  growths  in  relation  to 
acromegaly,  85. 

Iodine  as  cause  of  toxic  goitre,  203. 

— ,  cautions  as  to  use  of,  in  nodular 
goitre,  221. 

—  content  of  thyroid,  153. 

- in  toxic  goitre,  231. 

—  —  — ,  seasonal  variations  in, 
153. 

—  deficiency  in  relation  to  aetiology 
of  goitre,  195,  196. 

— ,  discovery  of,  203. 

— ,  effect  of,  in  transforming  simple 
into  toxic  goitre,  204,  221. 

—  in  blood  and  urine  in  toxic  goitre, 
243. 

—  in  cretinism,  172. 

—  in  treatment  of  goitre,  202. 

- of  toxic  goitre,  253. 

—  inhibitory  to  secretion  of  thyrox¬ 
ine,  180. 

—  metabolism,  thyroid  and,  153. 

— ,  pre-operative  use  of,  in  toxic 
goitre,  253. 

—  therapy  of  goitre,  contra-indica¬ 
tions  to,  204.- 

- ,  dangers  of,  205,  221. 

Iodized  salt  for  goitre,  204. 

- ,  risk  of  excessive  use,  204, 

205. 

Iodo  thyreoglobulin,  153. 

Iodothyrin,  153. 

Iron  struma  of  thyroid,  270. 

Jaundice  in  toxic  goitre,  243,  251. 
Jellinek’s  sign  in  toxic  goitre,  238. 
Jews,  and  acromegaly,  94. 

—  diseases  prone  to  attack,  130. 

‘ Jod-Basedow’,  205. 

Joffroy’s  sign  in  toxic  goitre,  237. 
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von  Kahlden’s  tumour,  414. 
Kallikrcin,  424. 

Kalmuc  idiocy,  484. 

Ketogenic  hormone  in  anterior  pitui¬ 
tary,  65. 

Kidneys  in  hyperparathyroidism,  296. 
King,  Thomas  Wilkinson,  biography 
of,  150. 

— ,  —  — ,  on  endocrine  nature  of 
thyroid,  19,  150. 

Kobelt’s  tubes,  401. 

Kocher  on  cachexia  strumipriva,  177. 

—  on  iodine  in  goitre,  205,  221. 

Kohn  on  the  parathyroids,  276. 
Kopp’s  asthma,  446. 

Krukenberg  tumours,  415. 

Kyphosis  in  acromegaly,  92,  96. 

—  in  Cushing’s  syndrome,  107. 

Labbe,  M.,andpara-Basedowism,  250. 
— -  and  paroxysmal  hypertension,  376. 
Lactation,  adrenal  cortex  in  relation 
to,  328. 

- — ,  posterior  pituitary  in  relation  to, 

71. 

Lactic  acid  in  blood  increased  by 
insulin,  424. 

Lactogenic  hormone  of  anterior 
pituitary,  66. 

Landstrom’s  muscle,  235. 

Langerhans,  islands  of,  421  et  seq. 

— ,  — ,  action  of  pituitary  on,  65. 

— ,  — ,  adenomas  of,  histology  of,  426. 
— ,  — ,  changes  in,  in  diabetes  melli- 
tus,  433. 

— ,  — ,  enlargement,  425. 

- — -,  — ,  histology,  421. 

— ,  — ,  historical  account  of,  421. 

— ,  — ,  in  cretinism,  167. 

— ,  — ,  internal  secretion  of,  421,  423. 
— ,  — ,  relation  of,  to  ordinary  cells 
of  pancreas,  421. 

— ,  — ,  special  cells  of,  421,  422. 

— ,  — ,  tumours  of,  425. 

— ,  - — ,  — ,  in  relation  to  hypogly- 
caemia,  427. 

Laryngeal  spasms  in  tetany,  287. 
Laryngismus  stridulus,  thymus  in 
relation  to,  446. 

Larynx,  enlargement  of,  in  acrome¬ 
galy,  91. 

Laurence  -Moon  -Biedl  syndrome,  129. 

- ,  clinical  picture,  131. 

- — -  — ,  historical  account  of,  129, 

130. 

- ,  mode  of  inheritance  in, 

130,  131. 

—  —  —  — ,  relations  with  other 
diseases,  130. 

- ,  treatment,  131. 
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Leber’s  disease,  pituitary  in  relation 
to,  77. 

Legallois’s  anticipation  of  conception 
of  internal  secretions,  18. 
Leontiasis  ossea  distinguished  from 
acromegaly,  102. 

Leuco -sarcoma  of  thymus,  449. 
Leuco-sarcomatosis,  449. 

Leukaemia,  thymus  in,  449. 

— ,  pituitary  in,  139. 

Ley  dig  cells  of  testis,  387. 

Lid-lag  in  toxic  goitre,  237. 

Ligature  of  thyroid  arteries  for  goitre, 
206,  255. 

Lineae  atrophicae  in  Cushing’s  syn¬ 
drome,  107. 

Lingual  duct,  144. 

—  thyroids,  149. 

Lipochrome  pigment  in  adrenals,  312, 
313. 

Lipodystrophia  progressiva,  481. 
- ,  aetiology  and  incidence  of,  482. 

—  — ,  associated  endocrine  distur¬ 
bances  in,  482. 

- ,  clinical  picture,  482. 

- ,  diagnosis,  483. 

- ,  historical  account  of,  481. 

- ,  morbid  anatomy,  482. 

- ,  nervous  factor  in,  482. 

- ,  pathogeny,  482. 

- ,  treatment,  483. 

Lipoid  granulomatosis,  139. 

Lipomas  of  adrenals,  373. 

Liver  in  toxic  goitre,  233. 

— ,  secretory  functions  of,  478. 

—  treatment,  hypothyroidism  as 
cause  of  failure  of,  186. 

Loewi’s  test  in  toxic  goitre,  238. 
Lorain’s  type  of  infantilism,  189. 
Lower,  Richard,  biography  of,  13-14. 
— ,  — ,  on  pituitary  secretion,  12,  43. 
Lugol’s  solution,  204. 

Luminal  in  treatment  of  toxic  goitre, 
252. 

Luschka’s  gland,  476;  and  see  Coccy¬ 
geal  body. 

Lutein,  406. 

—  cells,  action  of,  on  cells  of  anterior 
pituitary,  63,  64. 

- - ,  action  of  pituitary  prolan  on,  63. 

- ,  new  growths  of,  409. 

- tumours,  409. 

—  cysts  of  ovary,  multiple,  409. 
Luteinization,  hormonic  stimulus  to, 

402. 

Luteomas,  409. 

Lutin,  63. 

Lymphadenoma  of  thyroid,  273. 
Lymphatic  gland  enlargement  in 
toxic  goitre,  232. 


Lymphatism,  447. 

Lymphocytic  foci  in  thyroid  in  toxic 
goitre,  230,  231. 

Lymphocytosis  in  Addison’s  disease 
350. 

—  in  toxic  goitre,  242. 

Lymphoid  hyperplasia  in  toxic  goitre, 

220. 

Lymphosarcoma  of  thymus,  444. 

McCarrison  on  cretinism  in  India,  165, 
166,  196. 

Macrogenitosomia,  397. 

- — praecox,  461,  462,  467. 

- associated  with  pineal  teratoma, 

467. 

- ,  sex  incidence,  467. 

Macroglossia  in  aoromegaly,  100. 

Macrosomia  adiposa  congenita,  369. 

Magendie  on  the  adrenals,  318. 

Magnus-Levy  on  thyroid  in  relation 
to  metabolism,  152,  154. 

Magrath,  Cornelius,  the  Irish  giant, 
83,  84. 

Malaria,  adrenal  form  of,  353. 

Malpighi,  on  the  corpus  luteum,  401. 

Mammary  glands,  changes  in  due  to 
oestrin,  405. 

—  —  during  pregnancy,  cause  of 
changes  in,  66. 

Mammotropic  hormone  in  anterior 
pituitary,  66. 

Marble  bones,  parathyroids  in  rela¬ 
tion  to,  283. 

Marchand’s  adrenals,  315,  319. 

Marco  Polo  on  goitre,  194. 

Marie  on  acromegaly,  79,  80,  81. 

Marie’s  sign  in  toxic  goitre,  240. 

Mark,  L.  on  acromegaly,  82,  97. 

Marsh  on  exophthalmic  goitre,  215. 

Marsh’s  disease,  210. 

Masculinization  associated  with 
adrenal  hyperplasia,  361. 

Melanomas  of  adrenal  medulla, 
primary  malignant,  381. 

—  of  ovary,  primary  malignant,  415. 

—  of  pineal  body,  465. 

Melanophore-expanding  principle  in 

the  posterior  pituitary,  70. 

- in  the  urine  in  toxic  goitre, 

243. 

Melasma  suprarenale,  339. 

Menformen,  403. 

Menopause,  effect  of,  on  adrenal 
cortex,  328. 

Menstruation  in  cretins,  169. 

— ,  thyroid  enlargement  during,  260. 

Mental  characteristics  of  mongols, 
488. 

—  condition  in  cretinism,  168,  170. 
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Mental  condition  inmyxoedema,  184. 

—  defect  in  Laurence-Moon-Biedl 
syndrome,  131. 

- with  hypopinealism,  464. 

—  disorder  in  acromegaly,  100. 

—  symptoms  in  hypoglycaemia,  429. 
Merseburg  triad,  the,  214. 
Mesothelioma,  371. 

— ,  malignant,  379. 

Metabolic  rate  in  acromegaly,  99. 

- in  Addison’s  disease,  351. 

- in  cretinism,  169. 

- —  in  Frohlich’s  syndrome,  128. 

- in  myxoedema,  185,  186. 

- in  tetany,  288. 

- — -  —  in  toxic  goitre,  244. 

Metabolism,  151. 

— ,  action  of  posterior  pituitary  on, 

71. 

— ,  basal,  in  Cushing’s  syndrome,  108. 
— ,  — ,  in  mongols,  488. 

— ,  co-operation  of  pituitary  and 
thyroid  necessary  for,  155. 

— ,  influence  of  anterior  pituitary  on, 
61,  62. 

Metastases  of  cancer  of  thyroid,  264, 

- ,  bony,  264. 

- -  — ,  - — ,  pulsating,  264. 

Mice,  therapeutic  use  of,  6. 
Micromegaly,  118. 

Micromelia,  489;  and  see  Achondro¬ 
plasia. 

Microsomia,  117. 

Microsplanchnia  in  Simmonds’s 
disease,  122. 

Middeldorpf  tumours,  477. 

Migraine,  endocrine  glands  in  relation 
to,  77. 

Miliary  tuberculosis  of  adrenals,  383. 

- of  thyroid,  272. 

Millar’s  asthma,  446. 

‘Mithridatium’,  5,  10. 

Mobius’s  sign  in  toxic  goitre,  237. 
Mondino  on  the  pancreas,  419. 
Mongolian  imbecility,  484. 

Mongolism,  484. 

— ,  aetiology,  484. 

— ,  clinical  picture,  487. 

— ,  congenital  abnormalities  associ¬ 
ated  with,  487. 

— ,  diagnosis,  488. 

— ,  effects  of  castration  in,  489. 

- — ,  genetic  factors  in  aetiology  of,  485. 
— ,  historical  account  of,  484. 

— ,  intra -uterine  environment  in  rela¬ 
tion  to  aetiology  of,  485. 

— ,  Mendelian  aspect  of,  486. 

— ,  morbid  anatomy,  486. 

— ,  possible  endocrine  factors  in,  485. 


Mongolism,  prognosis,  488. 

— ,  treatment,  489. 

Morgagni,  hydatid  of,  385,  386,  401. 

- — -  on  pineal  concretions,  458. 

—  on  thyroid,  142. 

- function,  15,  19. 

Mucin  in  relation  to  myxoedema,  175, 
183. 

Muirhead  regime  for  Addison’s  disease, 
355. 

Muller’s  muscle,  235. 

Mullerian  ducts,  developmental 
changes  of,  401. 

- ,  tumours  of  epididymis  in  rela¬ 
tion  to,  398. 

Mullerianosis,  409. 

Multi  glandular  insufficiency  as  a 
cause  of  disease,  31,  32,  33  ;  see  also 
Polyglandular. 

Mummy,  therapeutic  use  of,  7,  8. 
Mumps,  thymic  swelling  in,  449. 
Murray,  G.  R.,  treatment  of  hypo¬ 
thyroidism,  29,  190. 

Muscle,  plain,  effect  of  posterior 
pituitary  on,  69. 

Muscular  atrophy  in  acromegaly,  99. 

—  weakness  in  toxic  goitre,  241. 
Musitano  on  burnt  sponge  for  goitre, 

203. 

de  Musset’s  sign  in  toxic  goitre,  239. 
Myasthenia  gravis,  lymphorrhages 
into  adrenals  in,  383. 

- ,  thymic  swelling  in  relation  to, 

445,  449. 

Myelo -lipoma  of  adrenals,  373. 
myo-neuroma  of  pituitary,  114. 
Myxoedema,  172-92;  see  also  Hypo¬ 
thyroidism. 

— ,  acromegaly  associated  with,  187. 

■ — ,  aetiology,  178. 

- — -  after  acromegaly,  180. 

- — -  after  toxic  goitre,  179,  180. 

— ,  age  incidence,  179. 

■ — -,  clinical  picture,  183. 

— -,  course  of,  183. 

■ — -,  diagnosis,  188. 

- — ,  drugs  formerly  used  in,  190. 

- — -,  exhaustion,  179. 

- — •,  geographical  distribution,  179. 

—  heart,  the,  185. 

— ,  hereditary  factor  in,  178. 

— ,  local,  247. 

— ,  morbid  anatomy,  181. 

— ,  post-hyperthyroid,  179. 

— ,  sex  incidence,  179. 

— ,  thyroid  treatment  of,  190. 

— ,  treatment,  190. 

— ,  X-ray,  180. 

Myxoedematous  manifestations  in 
toxic  goitre,  246. 
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Nanism,  pituitary,  117. 

Nanosomia  pituitaria,  117. 

Napoleon  as  possible  subject  of  hypo¬ 
pituitarism,  132. 

Narcolepsy  in  pineal  tumour,  466. 
Nephrosclerosis,  malignant,  associ¬ 
ated  with  Cushing’s  syndrome,  107. 
Nervous  control,  mechanism  of,  35. 

-  factor  in  toxic  goitre,  224. 

hypothesis  of  toxic  goitre,  223, 
224. 

•  shock  as  causal  factor  in  toxic 
goitre,  222. 

—  symptoms  in  toxic  goitre,  240. 

—  system  in  acromegaly,  93. 

- in  myxoedema,  182. 

Neurath- Cushing  syndrome,  127. 
Neuroblastomas,  380. 

— ,  histology  of,  380. 

— ,  types  of,  380. 

Neurocytoma,  380. 

Neurofibromatosis  affecting  pituitary, 
139. 

— ,  fruste  cases  of,  299. 
Neuro-humoralism,  34. 
Neurohypophysis,  46. 

Nissl’s  granules,  disappearance  of,  in 
myxoedema,  182. 

Nomenclature  in  endocrinology,  1,  2. 
Novasurol  in  diabetes  insipidus,  136. 
Nuclein,  synthesis  of,  thymus  in  rela¬ 
tion  to,  442. 

Obesity  in  adreno -cortical  syndrome, 
362,  364,  368. 

—  in  chromophobe  adenomas,  132. 

—  in  Cushing’s  syndrome,  107. 

—  in  Frohlich’s  syndrome,  127. 

— ,  most  frequent  cause  of,  128. 
O’Brien,  Charles,  the  Irish  giant,  84. 
Oculomotor  muscles,  role  of,  in  exoph¬ 
thalmos,  235. 

Oedema  in  toxic  goitre,  245. 

Oestrin,  62,  66,  69,  403. 

— ,  carcinoma  produced  by,  405. 

— ,  effects  of,  404. 

— ,  — ,  on  organs  related  to  Mullerian 
ducts,  392. 

— ,  formation  of,  404. 

—  in  diabetes  insipidus,  136. 

—  in  excess,  effects  of,  405,  408,  410. 

—  in  relation  to  fertilization,  404. 

- mammary  function,  405. 

— ,  role  of,  404. 

— ,  therapeutic  applications  and 
value  of,  406. 

Oestriol,  404. 

Oestrone,  403. 

—  in  testes  of  stallions,  404. 

Oestrus,  causation  of,  62. 


Oestrus,  inhibited  by  anterior  pitui¬ 
tary  extracts,  62. 

— ,  vaginal  smear  test  for,  404. 
Oliver,  G.,  on  adrenaline,  321. 
Oophoroma  folliculare,  415. 
Ophthalmia  anaemica,  208. 
Opotherapy,  4. 

Optic  atrophy,  hereditary,  pituitary 
in  relation  to,  77. 

- in  acromegaly,  98. 

- in  myxoedema,  81,  187. 

Orasthin,  69. 

Orchitic  extract,  therapeutic  use  of, 
390. 

Ord,  William  Miller,  biography  of, 
175. 

— ,  —  — ,  on  myxoedema,  29,  158, 
163,  174. 

Organotherapy,  classical  and  ancient 
instances  of,  5  et  seq. 

— ,  historical  account  of,  4  et  seq. 
Orophysin,  66. 

Ossification,  pituitary  in  relation  to, 
59. 

— ,  thyroid  influence  on,  59. 

Osteitis  deformans  contrasted  with 
generalized  osteitis  fibrosa  cystica, 

298. 

—  fibrosa  cystica,  generalized,  292- 
300. 

- ,  — ,  aetiology,  296. 

- ,  — ,  clinical  picture,  296. 

- ,  — ,  diagnosis,  297. 

—  —  — ,  — ,  differential  diagnosis, 
297. 

—  - —  — ,  — ,  historical  account,  293. 

- ,  — ,  morbid  anatomy,  294. 

- ,  — ,  nomenclature,  292. 

—  —  — ,  - — ,  operative  treatment, 

299. 

- ,  - — ,  parathyroid  tumours  in 

relation  to,  291. 

- ,  - — ,  pathogeny,  294. 

- ,  — ,  prognosis,  297. 

- ,  — ,  treatment,  299. 

- ,  — ,  X-ray  therapy,  299. 

- ,  focal,  298. 

Osteo-arthropathy,  chronic  pulmon¬ 
ary,  distinguished  from  acromegaly, 
102. 

Osteoclastomas  in  generalized  osteitis 
fibrosa,  294. 

Osteo -dystrophy,  293. 

Osteo -genital  dystrophy,  127. 
Osteomalacia  distinguished  from 
osteitis  fibrosa  cystica,  297. 

— ,  first  account  of,  293. 

— ,  parathyroid  enlargement  in,  294. 
Osteopetrosis,  parathyroids  in  rela¬ 
tion  to,  283. 
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Osteoporosis  and  softening  in  osteitis 
fibrosa  cystica,  294. 

— ,  causes  of,  298. 

—  in  Cushing’s  syndrome,  107,  108. 

—  in  progeria,  119. 

—  in  toxic  goitre,  233. 

Osteosis,  parathyroid,  293. 

Ovarian  cysts,  surgical  treatment  of, 

411. 

—  follicular  cysts,  408. 

—  hormones,  402. 

- ,  oestrus-producing,  403. 

—  hypernephromas,  316. 

—  seminomas,  415. 

- ,  radio -sensitivity  of,  415. 

—  teratomas,  parathyroid  tissue  in, 
278. 

Ovariectomy,  effects  of,  407. 

Ovaries,  399-418. 

— ,  anatomy,  400. 

— ,  effect  of  anterior  pituitary  extract 
on,  62. 

— ,  embryology,  399. 

— ,  endocrine  functions  of,  402. 

— ,  granulosa-celled  carcinoma  of,  414. 
— ,  historical  account  of,  399. 

— ,  hormones  of,  402. 

—  in  Cushing’s  syndrome,  108. 

- — ,  innocent  tumours  of,  408. 

— ,  malignant  tumours  of,  413. 

— ,  multiple  lutein  cysts  of,  409. 

— ,  secondary  growths  in,  416. 

— ,  senile,  in  Cushing’s  syndrome,  107. 
— ,  testicular  adenoma  of,  409. 

Ovary  and  testis,  parallelisms  in 
development  of,  385. 

Ovulation,  inhibition  of,  406. 
Oxytocin,  69. 

— ,  action  of,  on  uterine  muscle,  69. 

—  causing  hyperglycaemia,  71. 

Paget’s  disease  of  bone  contrasted 
with  acromegaly,  102. 

—  —  —  —  —  with  generalized 
osteitis  fibrosa  cystica,  298.  See 
Osteitis  deformans. 

Pancreas,  419-37. 

— ,  adenomas  of,  425. 

— ,  ducts  of,  419. 

— ,  effect  of  hypophysectomy  on,  65. 
— ,  embryology,  419. 

— ,  enlargement  of,  in  acromegaly,  90. 
— ,  external  secretion,  422. 

— ,  extracts  from,  effects  of  on  blood- 
pressure,  424. 

— ,  historical  account  of,  419. 

— ,  hypersecretion  of,  effect  of,  427, 
428. 

— ,  hypoplasia  of,  hypoglycaemia 
associated  with,  428. 


Pancreas,  in  cretinism,  183. 

—  in  diabetes  mellitus,  432. 

— ,  island  tissue  in,  421. 

— ,  physiology,  422. 

— ,  role  of,  in  digestion,  422,  423. 

Pancreatectomy ,  experimental,  results 

of,  432. 

— ,  partial,  for  hypoglycaemia,  429. 
Pancreatic  nodules,  aberrant,  420. 

- - ,  — ,  in  stomach,  420. 

—  tissue  in  intestinal  diverticula,  420. 
Pancreatotropic  hormone  of  anterior 

pituitary,  65. 

Papillary  adeno -carcinoma  of  thyroid, 
263. 

Papilloedema  in  acromegaly,  98. 
Para-Basedowism,  98,  155,  225,  227, 
245,  250. 

— ,  cause  of,  236. 

Paracelsus  on  endemic  cretinism,  158, 

163. 

—  on  goitre,  193. 

- —  on  medicinal  use  of  mercury,  8. 
Paragangliomas,  375. 

Paralysis  agitans,  parathyroids  in 
relation  to,  283. 

Para-Malpighian  nodules  and  cysts, 

411. 

Parasympathin,  36,  37. 
Parathormone,  discovery  of,  281. 

— ,  effect  of,  on  mobilizing  calcium, 
281. 

—  in  treatment  of  tetany,  289. 
Parathyrin,  287. 

Parathyroids,  275-300. 

— ,  aberrant,  embedded  in  thymus, 
278. 

— ,  accessory  and  aberrant,  278. 

— ,  adenomas  of,  290. 

■ — ,  anatomy,  277. 

— ,  blood-supply,  278. 

— ,  cysts  of,  284. 

— ,  diseases  of,  283. 

— ,  embedded  in  thyroid,  275,  277. 

— ,  embryology,  276. 

— ,  enlargement  of,  in  acromegaly,  90. 
— ,  - — ,  in  osteitis  fibrosa  cystica, 
294,  295. 

— ,  — ,  in  osteomalacia,  294. 

- — ,  enlargements  of,  clinical  groups 
of,  290. 

— ,  extract  of,  in  cretinism,  172. 

- — ,  grafting,  for  tetany,  289. 

— ,  histology,  279. 

— ,  historical  account  of,  275. 

— ,  in  cretinism,  166. 

- — •,  in  myxoedema,  182. 

— ,  in  toxic  goitre,  233. 

— ,  inter-relations  of,  with  other 
endocrines,  282. 
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Parathyroids,  inter-relations  of,  with 
thyroid,  156. 

— ,  medication,  282. 

— ,  number  and  position  of,  277,  278. 
— ,  physiology,  280. 

— ,  pituitary  action  on,  65. 

— ,  primary  carcinoma  of,  291. 

— ,  secondary  growths  in,  291. 

— ,  synonyms,  275. 

— ,  syphilis  of,  284. 

— ,  tuberculosis  of,  284. 

— ,  tumours  of,  primary,  290. 
Parathyroidectomy  for  osteitis  fibrosa 
cystica,  295. 

— ,  increased  colloid  in  pituitary  after, 
72. 

— ,  results  of,  280,  283,  286,  287. 
Parathyromas,  290. 

— ,  intra-thyroid,  290. 
Parathyrotropic  principle  in  anterior 
pituitary,  64. 

Pare,  Ambroise,  on  cases  probably  of 
goitre,  213. 

— ,  — ,  on  organic  remedies,  8,  9. 

— ,  — ,  on  polyorchidism,  389. 

Paresis  in  toxic  goitre,  242. 
Parhormones,  2. 

Parkinsonism,  post-enceplialitic,  simu¬ 
lating  toxic  goitre,  250,  251. 
Parovarian  cysts,  410. 

Parovarium,  401. 

Parry,  Caleb  Hillier,  biography  of, 
212. 

— , - ,  on  goitre,  209,  211. 

— ,  - —  - — ,  on  thyroid  function,  150. 
Parry’s  disease,  209. 

Parsons’s  disease,  210. 

Parturition,  cause  of  initiation  of,  69, 
70. 

Paid  of  Aegina  on  bronchoceles,  193. 
Pelvis,  infantile,  in  Frohlich’s  syn¬ 
drome,  127. 

Pepper’s  type  of  neuroblastoma,  381. 
Perihypernephritis  syphilitica,  384. 
Peritheliomas  of  carotid  body,  472, 
473. 

Peritonitis,  chronic,  in  myxoedema, 
183. 

Pfluger’s  tubes,  387. 

Pflugerome,  415. 

Phaeochromocytes,  375. 
Phaeochromocytomas,  361. 

— ,  malignant,  381. 

Pharmacopoeia  Londinensis,  9. 
Pharmacopoeias,  9. 

Phosphaturia,  134. 

Phosphorus  of  skeleton,  action  of 
parathormone  in  mobilizing,  282. 
Phyone,  60. 

Pigment  in  adrenals,  312. 


Pigmentation  in  Addison’s  disease, 
346,  349,  353. 

—  in  toxic  goitre,  244. 

Pigmented  adenomas  of  zona  reticu¬ 
laris  of  adrenals,  374. 

Pineal  body,  451-70. 

- ,  accessory,  458. 

- ,  anatomy,  455. 

—  —  and  pituitary,  antagonism 
between,  461. 

- the  anti-puberty  gland,  461. 

-  as  seat  of  the  soul,  452,  454. 
- ,  cysts  of,  463. 

—  — ,  diseases  of,  462. 

— , — ,  early  views  as  to  physiology, 
451. 

- ,  embryology,  455. 

- ,  excision  of,  results  of,  461. 

—  - — ,  experimental  feeding  with, 
results  of,  461. 

- ,  extracts  of,  properties  of,  460, 

461. 

- ,  histology,  458,  459. 

- ,  historical  account  of,  451. 

- in  acromegaly,  91. 

— -  — ,  nerve-supply,  458. 

- ,  nomenclature,  451. 

- ,  physiology,  460. 

—  — ,  secondary  growths  in,  469. , 

- ,  syphilitic  enlargement  of,  464. 

- ,  teratoma  of,  463. 

- ,  tumours  of,  464. 

- ,  —  - — ,  clinical  manifestations, 

465. 

- ,  —  - — ,  treatment,  469. 

—  cells,  459. 

—  syndrome,  467. 

Pinealocytomas,  465. 

Pinealomas,  464. 

Pineoblastomas,  464,  465. 

— ,  resemblance  of,  to  seminomas,  465. 
Pitressin,  68,  69. 

—  in  diabetes  insipidus,  135. 
Pituicytes,  53. 

Pituigan,  135. 

Pituitary,  the,  42-141. 

—  abscess,  138. 

— ,  accessory  or  naso -pharyngeal,  49, 
50. 

— ,  actinomycosis  of,  137. 

—  action  on  parathyroids,  65. 

adenomas,  110;  see  also  under 
Adenomas. 

- ,  agranulocytic,  111. 

- ,  basophil-celled,  106,  112. 

- ,  chromophil-celled,  112. 

—  — ,  chromophobe-celled,  60,  111, 

131. 

- ,  classification,  111. 

- composed  of  pregnancy  cells,  113. 


Pituitary  adenomas, 
celled,  111. 

* - ,  mixed-celled,  112. 

• —  adiposity,  123. 

— ,  anatomical  relations,  57. 

• — ,  anatomy,  46. 

■ — ,  ancient  views  as  to  function,  11, 
12,  42,  43,  44. 

—  and  adrenals,  action  and  inter¬ 
action  of,  64. 

—  and  other  endocrines,  inter-rela¬ 
tions  between,  60,  64,  71,  155. 

—  and  pineal  as  antagonists,  461. 

—  and  thyroid,  physiological  rela¬ 
tions  of,  68,  155. 

- ,  relations  between,  155. 

— ,  anterior  lobe,  46,  50,  51. 

— , - ,  action  and  inter-action  of 

lutein  cells  on,  63,  64. 

— ,  —  - — ,  adreno -cortical  stimulating 
principle  of,  64,  308,  311. 

— ,  —  - — ,  as  factor  in  toxic  goitre, 
226,  227. 

— , - ,  bromine  hormone  in,  66. 

— ,  —  - — ,  castration  cells  in,  393. 

— , - ,  diabetogenic  principle,  65. 

— ,  —  — ,  effect  of  extract  of,  on 
pregnancy,  63. 

— ,  —  - — , - testicular  tumours  on, 

397. 

— , - extract,  active  principles  in, 

58. 

— ,  —  —  — ,  decidual  response  to, 
410. 

— , - ,  effect  of,  on  growth  and 

on  endocrines,  58. 

— ,  —  - — -  —  in  relation  to  descent  of 
testes,  388. 

— ,  — — ,  galactogenic  hormone  of,  66. 
— ,  —  - — ,  gonadotropic  hormone  of, 
62. 

— , - , - ,  influence  of,  on  ovaries, 

402  ;  and  see  Prolan. 

— ,  —  — ,  hormone  antagonistic  to 
insulin,  423. 

— , - ,  hormones  of,  58,  60. 

— , - ,  influence  of,  on  metabolism, 

61,  62. 

— , - ,  inhibitory  substance  to,  61. 

— , - ,  insulinotropic  hormone  of, 

65. 

— t  lactogenic  hormone  of,  66. 

— , - ,  mammotropic  hormone  of, 

66. 

— , - ,  pancreatotropic  hormone  of, 

65. 

♦ — , - ,  parathyrotropic  hormone 

of,  295. 

. — , - ,  relation  of  to  adrenal  cor¬ 

tex,  328. 
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Pituitary,  anterior  lobe,  secretion 
antagonistic  to  insulin,  72. 

— , - ,  —  ant  agonized  by  thyroxine, 

243. 

— , - ,  synergic  factor  of,  403. 

— ,  —  — ,  thyroid  in  relation  to,  3. 

— ,  —  — ,  thyroid-stimulating  hor¬ 
mone  of,  60,  100,  154,  155. 

— , - , - ,  influence  of,  on 

metabolism,  61,  62. 

— ,  as  cause  of  symptoms  pointing  to 
other  glands,  32,  33. 

— ,  basophil  infiltration  of,  in  relation 
to  hypertension  and  eclampsia,  140. 

—  basophilism,  104 ;  and  see  Cushing’s 
syndrome. 

— ,  benign  eosinophil  hvperplasia  of, 
104. 

— ,  blood-supply,  48. 

— ,  cachexia,  78. 

— ,  castration  cells  in,  52,  72. 

—  changes  in  acromegaly,  85,  86, 

89. 

—  —  in  Addison’s  disease,  345. 

- in  cretinism,  166. 

—  —  in  myxoedema,  182. 

- in  Simmonds’s  disease,  121. 

—  - — -in  toxic  goitre,  232. 

- with  age,  47,  53. 

— ,  colloid  material  in,  52,  53,  54,  58, 
72. 

— ,  cranio -pharyngiomas  of,  114. 

— ,  diseases  of,  75  et  seq. 

— ,  — ,  clinical  manifestations,  76  et 
seq. 

— ,  - — ■,  constitutional  symptoms,  76. 
— ,  — ,  historical  account  of,  75. 

— ,  — ,  neighbourhood  symptoms  of, 
75. 

— ,  — ,  radiotherapy  in,  78,  79. 

— ,  — ,  surgical  treatment  of,  79. 

- — ,  ectopia  of,  50. 

— ,  effect  of  castration  on,  52. 

— ,  effect  of  pregnancy  on,  51. 

— ,  embryology,  44. 

—  enlargement  after  thyroidectomy, 
71,  72,  155. 

—  - — -in  acromegaly,  radiological 
diagnosis  of,  95. 

— ,  epithelial  ‘rests’  in  relation  to,  51. 
— experimental  excision  of,  effects 
of,  56,  57. 

—  extract,  effect  of  on  adrenals,  64. 

- in  treatment  of  acromegaly,  103. 

- —  of  dystrophia  adiposo -geni¬ 
talis,  128,  129. 

—  factor  in  toxic  goitre,  226. 

—  goitres,  110. 

—  gonadotropic  hormone,  effects  of, 

391. 
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Pituitary  histology,  50. 

—  hormones,  routes  of  leaving  the 
gland,  54. 

—  in  acromegaly,  radiological  treat¬ 
ment  of,  78. 

—  in  diabetes  mellitus,  433. 

• —  in  relation  to  adiposis  dolorosa, 
480. 

- to  Graves’s  disease,  33. 

- to  normal  ossification,  59. 

—  xanthomatosis,  138,  139. 

—  infantilism  and  dwarfism,  117. 
- ,  delayed,  118. 

— ,  leukaemic  infiltration  of,  139.  • 

— ,  lobes  of,  46. 

— malignant  tumours  of,  111,  113. 
— ,  myo -neuroma  of,  114. 

—  nanism,  117. 

— ,  nerve-supply,  48,  49. 

— ,  neurofibromatosis  affecting,  139. 
— ,  pars  intermedia,  46,  47,  52. 

— , - >  histology,  52. 

— , - in  Cushing’s  syndrome,  106. 

— , - ,  sero -albuminous  glands  of, 

53. 

— , - ,  tumours  of,  113. 

— ,  —  nervosa,  48. 

— ,  —  tuberalis,  47. 

— , - ,  tumours  of,  113. 

— ,  physiology,  55. 

■ — ,  — ,  historical  account  of,  55. 

— ,  posterior  lobe,  46,  47 ,  48,  67  et  seq. 

— , - ,  active  principles  extracted 

from,  67,  68. 

• — ?  —  — ,  diuretic  and  anti-diuretic 
effects  of  extracts  from,  70. 

— »  —  — >  effect  of,  on  unstriped 
muscle,  69. 

— , - extracts,  effects  of,  67,  68. 

• — j - in  diabetes  insipidus,  135. 

— , - in  polyuria,  103. 

— 5 - ,  gastrotropic  hormone  of, 

71. 

— , - ,  histology,  53. 

— ,  —  —  hormone  antagonistic  to 
insulin,  423,  424. 

— > - producing  hypertension 

and  eclampsia,  140. 

— >  —  —  in  relation  to  haemolysis, 

— , - to  lactation,  71. 

— , - to  metabolism,  71. 

— >  — - to  reticulo -endothelial 

system,  68,  71. 

— )  —  — ,  melanophore-expanding 

principle  of,  70. 

— ?  —  — ,  passage  of  secretion  into 
cerebrospinal  fluid,  67. 

■  >  —  — ,  path  by  which  secretion 
leaves  gland,  67. 


Pituitary,  posterior  lobe,  pregnancy 
cells  of,  51,  52,  72,  113. 

— , - ,  primary  tumours  of,  113. 

— ,  resemblances  to  adrenals,  47. 

— ,  secondary  growths  in,  113. 

— ,  —  lesions  of,  138. 

—  secretion,  early  views  as  to,  12. 
- ,  route  by  which  it  reaches  hypo¬ 
thalamus,  58. 

— ,  suppuration  in,  138. 

— ,  syphilis  of,  137. 

— ,  thyrotropic  hormone  of,  3. 

— ,  tuberculosis  of,  136,  137. 

— ,  tumours,  110  et  seq. 

— ,  — ,  effect  of,  58. 

— ,  — ,  pressure  effects  of,  76,  77. 

— ,  — ,  secondary  changes  in,  113. 

— ,  veins  of,  48. 

Pituitrin,  67. 

— ,  difference  in  experimental  and 
clinical  influence  of,  68. 

Placenta,  dried,  medicinal  use  of,  8. 
— ,  oestrin  in,  404. 

— ,  prolan-like  principle  in,  403. 
Placentomas,  410,  417. 

Platter,  Felix,  biography  of,  158,  159. 

—  on  cretinism,  158. 

—  on  thymic  death,  446. 

Pliny  the  elder  on  goitre,  193. 

- on  organic  remedies,  5,  6. 

Polydactylism,  131. 

Polydipsia,  134. 

Polyglandular  syndromes,  33. 

- ,  cause  of,  32. 

Polyorchidism,  389. 

Polyuria,  experimental,  134,  135. 

—  in  acromegaly,  98. 

—  in  Cushing’s  syndrome,  107. 

— ,  posterior  pituitary  extract  for, 
103. 

Potato  tumours,  sub-mastoid,  472, 
473. 

Precocity,  sexual,  in  adreno -cortical 
syndrome,  363. 

— ,  — ,  in  testicular  tumours,  397 ;  see 
also  under  Puberty. 

Pregnancy,  adrenal  cortex  enlarge¬ 
ment  during,  328. 

—  cells  of  pituitary,  51,  72,  113. 

— ,  effect  of  anterior  pituitary  extract 
on,  63. 

— ,  —  on  course  of  Addison’s  disease, 
352. 

—  in  relation  to  osteitis  fibrosa 
cystica,  296. 

— ,  ovaries  in  relation  to,  402. 

— ,  tests  for,  403. 

— ,  thyroid  enlargement  in,  260,  261. 
— ,  toxic  goitre  rare  in,  219. 

— ,  transitory  acromegaly  of,  95. 
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Pressor  and  depressor  effects  of 
posterior  pituitary  extract,  68. 

—  effect  of  posterior  pituitary,  ex¬ 
planation  of,  68. 

—  principle  of  adrenal  medulla, 
search  for,  321. 

—  —  of  pituitary,  excess  of,  as  cause 
of  hypertension,  140. 

- — - ,  origins  of,  68,  69. 

Progeria,  78,  118. 

—  and  Simmonds’s  disease,  relation 
between,  122. 

— ,  clinical  picture,  119,  120. 

— ,  diagnosis,  120. 

— ,  historical  account  of,  118,  119. 

— *  treatment,  120. 

Progestin,  63,  66,  406. 

— ,  secretion  of,  402. 

- — ,  therapeutic  use,  406. 

Prognathism  in  acromegaly,  92. 
Progonoblastomas,  113. 

Progynon,  403. 

Pro-inhibitin,  35. 

Prolactin,  66. 

Prolan,  62,  63. 

Prolan  A,  402. 

- — -  — ,  testicular  tumours  in  relation 
to,  397. 

—  B,  402. 

Proluton,  406. 

Prosecretin,  423. 

Prostate,  hypertrophy  of,  male  hor¬ 
mone  in  relation  to,  392. 

— ,  — ,  oestrin  in  relation  to,  405. 
Proteleiosis,  467. 

Psammoma-sarcoma  of  pineal  body, 
468. 

Pseudo -cysts  of  adrenals,  372. 

—  —  pituitary,  89. 

Pseudo -hermaphroditism  in  adreno¬ 
cortical  syndrome,  362. 

Pseudo -myxoma  peritonei,  411. 
‘Puberty  gland’,  387. 

— ,  precocious,  causes  of,  467. 

,  — ,  in  granulosa-celled  cancer  of 
ovary,  414. 

— ,  — ,  in  testicular  tumour,  396. 

— ,  — ,  thymectomy  in  relation  to,  442. 
- — ,  — ,  with  pineal  tumours,  461,  466. 
Pulse-rate  in  toxic  goitre,  238. 
Pylorus,  congenital  hypertrophic 
stenosis  of,  hyperadrenalism  in 
relation  to,  361. 

Racial  incidence  of  acromegaly,  94. 
Radiological  appearances  in  chromo¬ 
phobe  adenomas,  133. 

- - in  osteitis  fibrosa  cystica,  297. 

—  treatment  of  dystrophia  adiposo- 
genitalis,  128. 


Radiological  treatment  of  pineal 
tumours,  469. 

- of  toxic  goitre,  258. 

Ragazza  gigantesca,  363. 

Ranby,  John,  biography  of,  306. 
Rathke’s  pouch  tumours,  113,  114. 
Raynaud’s  disease,  hyperadrenalism 
in  relation  to,  360. 

von  Recklinghausen’s  disease  affect¬ 
ing  pituitary,  139. 

Red  blood-cells  increased  in  Cushing’s 
syndrome,  107. 

Reflex  action,  35. 

— * — ,  historical  account  of,  35. 
Rehn’s  sign,  446. 

Rejuvenation,  question  of,  393. 
Relaxin,  406. 

Renal  calculi  associated  with  hyper¬ 
parathyroidism,  296. 

—  inadequacy  in  Addison’s  disease, 

351. 

—  rickets  contrasted  with  generalized 
osteitis  fibrosa,  298. 

Rete  mirabile,  42,  44. 

- ,  cranial,  function  of,  150. 

Reticulo -endothelial  cells  in  thyroid, 
147. 

Reticuloma,  445. 

Retinitis  pigmentosa  in  Laurence - 
Moon-Biedl  syndrome,  131. 
Reverdin  on  results  of  thyroidectomy, 

177. 

Rickets,  tetany  associated  with,  288. 
Ridley,  Humphrey,  on  pineal  body, 
452. 

— ,  — ,  on  pituitary,  43. 

Riedel’s  disease,  270. 

- ,  clinical  picture  of,  270. 

—  - — -,  diagnosis,  271. 

- - ,  morbid  anatomy,  270. 

- — -  ■ — ,  treatment,  271. 

Riesman’s  sign  in  toxic  goitre,  238. 
Riolan  on  the  adrenals,  301,  316. 
Roger  of  Palermo  on  burnt  sponge 
and  seaweed  for  goitre,  203. 
Rosenbach’s  sign  in  toxic  goitre, 
238. 

Rosenmuller,  organ  of,  401. 

Sabre-sheath  trachea  in  goitre,  201. 
Salerno,  school  of,  organic  remedies 
used  by,  7. 

Salmon,  W.,  and  the  Pharmacopoeia 
Londinensis,  10. 

Salt,  common,  in  treatment  of 
Addison’s  disease,  356. 

—  metabolism,  centre  for,  135. 
Sandstrom,  Ivar  Victor,  biography  of, 

275. 

— , - ,  on  parathyroids,  275. 
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Sarcoma  of  bone,  Ewing’s,  as  a  meta¬ 
stasis,  380. 

—  of  thyroid,  262. 

de  Saussure  on  cause  of  cretinism, 
160. 

Schafer,  E.  A.,  biography  of,  2—3. 
Schafer  and  Oliver’s  discovery  of 
pressor  substance  in  adrenal 
medulla,  321. 

Sc-hiff,  Moritz,  on  function  of  thyroid, 
23. 

• — ,  — ,  on  results  of  thyroidectomy, 
151,  178. 

Schizophrenia,  endocrines  in  relation 
to,  360. 

Schwann  and  the  word  metabolic,  153. 
Sclerodermia,  hypercalcaemia  in,  284. 
— ,  parathyroidectomy  for  relief  of, 
283,  284. 

— ,  pathogeny,  284. 

Scurvy,  adrenal  cortex  and,  327. 
Seaweed,  burnt,  in  treatment  of 
goitre,  203. 

Secretin,  423,  478. 

Sella  turcica,  enlargement  of,  after 
castration,  52. 

- ,  — ,  in  acromegaly,  80,  83,  90. 

—  — ,  in  chromophobe  adenomas, 
133. 

Seminomas,  396. 

— ,  ovarian,  415. 

— ,  X-ray  therapy  of,  396,  415. 

— ,  resemblance  of,  to  pineoblastomas, 
465. 

Semon,  Felix,  on  identity  of  cause  in 
cachexia  strumipriva,  myxoedema, 
and  cretinism,  177,  178. 

— ,  on  thyroid  role  in  aetiology  of 
myxoedema  and  cretinism,  29. 
Senility,  precocious,  in  Simmonds’s 
disease,  122. 

— ,  thyroid  in,  147. 

Sergent’s  white  line,  349,  358. 

Sertoli  cells  of  testis,  386. 

Serum  therapy  of  toxic  goitre,  254. 
Sex  hormones,  female,  402. 

- ,  male,  390. 

- ,  resemblances  between,  385. 

Sexual  activity,  thymus  in  relation 
to,  442. 

—  causal  factors  in  toxic  goitre,  222. 

—  development,  delayed,  in  osteitis 
fibrosa  cystica,  296. 

- ,  pineal  body  in  relation  to,  461. 

—  functions  in  acromegaly,  97. 

- in  Frohlich’s  syndrome,  127. 

—  hyperactivity  in  adreno -cortical 
syndrome,  366. 

—  maldevelopment  in  chromophobe 
adenomas,  132. 


Sextual  organs,  adrenals  in  relation  to, 
318. 

—  in  adreno -cortical  syndrome, 
362. 

—  precocity,  causes  of,  467. 

— ,  from  injection  of  adrenal  cor¬ 
tical  extract,  327. 

- in  pineal  tumours,  461,  466. 

—  role  of  adrenal  cortex,  326. 

—  symptoms  in  toxic  goitre,  245. 

—  weakness  in  Addison’s  disease,  350. 
Sharpey-Schafer,  E.  A.,  2,  3,  321. 
Simian  line  in  hands  of  mongols,  488, 

489. 

Simmonds’s  disease,  57,  78,  120. 

- ,  adrenals  in  relation  to,  121. 

- ,  aetiology  of,  120,  121. 

- and  progeria,  relation  between, 

122. 

- ,  clinical  picture,  122. 

- ,  diagnosis,  122. 

- ,  historical  account  of,  120. 

- ,  morbid  anatomy,  121,  122. 

- ,  pathogeny,  121. 

- ,  prognosis,  122. 

- ,  syphilis  in  relation  to,  121. 

- ,  treatment,  123. 

Simon,  John,  on  thyroid  as  a  secreting 
gland,  20,  151. 

Skeletal  changes  in  acromegaly,  92. 

- in  cretinism,  168. 

- in  Frohlich’s  syndrome,  127. 

- in  osteitis  fibrosa  cystica,  294, 

296. 

—  growth  in  pineal  tumours,  467. 
Skin  in  acromegaly,  92. 

—  in  Addison’s  disease,  346,  349, 
353. 

—  in  cretinism,  168. 

—  in  Frohlich’s  syndrome,  127. 

—  in  myxoedema,  182,  183,  184. 

—  in  toxic  goitre,  244. 

Skull,  brachycephalic,  in  mongols, 
487. 

—  dolichocephalic,  in  cretinism,  168. 

—  in  achondroplasia,  491. 

Sodium  chloride  in  diagnosis  of 
Addison’s  disease,  353. 

—  —  in  treatment  of  Addison’s 
disease,  356. 

—  content  of  blood,  adrenal  cortex 
in  relation  to,  327. 

—  loss  as  cause  of  adrenal  in¬ 
sufficiency,  358. 

Soul,  ancient  and  modern  views  as  to 
seat  of,  452,  454. 

Spasmophilia  of  tetany,  287. 
Spermatogenesis,  failure  of,  in  un¬ 
descended  testicle,  388. 
Spermatozoa,  development  of,  386. 
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Sphenoidal  sinuses,  spread  of  infec¬ 
tion  to  pituitary  from,  138. 

Spine  in  acromegaly,  92. 
Splanchnomegaly  in  acromegaly,  90. 
Splanchnomicria  in  Simmonds’s 
disease,  122. 

Spleen,  478. 

—  as  a  possible  endrocrine  gland, 
479. 

— ,  function  of,  478,  479. 

—  in  relation  to  blood,  479. 

Sponge,  burnt,  as  remedy  for  goitre, 

203. 

Standardization  of  thyroid  prepara¬ 
tions,  154. 

Starling,  E.  H.,  and  hormones,  1,  478. 
Status  lymphaticus,  adrenals  in,  329. 

- and  adrenal  insufficiency,  346. 

- ,  toxic  goitre  in  relation  to,  20. 

- —  parathyreoprivus,  287,  297. 

—  thymicus,  447. 

—  —  and  status  lymphaticus,  dis¬ 
tinction  between,  447. 

—  thymo -lymphaticus,  447. 

- ,  adrenal  cortex  in,  329. 

- ,  doubt  as  to,  448. 

Steinach’s  rejuvenation  experiments, 

393,  394. 

Stellwag’s  sign  in  toxic  goitre,  237. 
Sterility  in  acromegaly,  97. 

Stokes,  William,  biography  of,  216. 
— ,  - — ,  on  exophthalmic  goitre,  216. 
Stokes’s  disease,  210. 

Stomach,  internal  secretion  of,  478. 
Strabismus  in  mongols,  488. 

Struma  aneurysmatica,  208. 

—  exophthalmica,  208. 

—  lipomatosa  suprarenalis,  374. 

- — ■  lymphomatosa,  271. 

Sub-tetanic  hypoparathyreosis,  287. 
Sugar  in  urine,  tests  for,  434. 

—  tolerance  in  toxic  goitre,  242. 
Suker’s  sign  in  toxic  goitre,  238. 
Suprarenal  capsules,  301 ;  see 

Adrenals. 

Sympathetic,  adrenals  and,  relation 
between,  322. 

— ,  close  relation  with  adrenal 
medulla,  313. 

—  factor  in  production  of  exophthal¬ 
mos,  235. 

- in  toxic  goitre,  225,  226,  227. 

—  in  Addison’s  disease,  345. 

— ,  malignant  tumours  of,  380. 
Sympathin,  37. 

Sympathoblastomas,  379. 
Sympathogonioma,  379. 

Symphysis  pubis,  relaxation  of,  due 

to  relaxin,  406. 

Syncytioma,  417. 
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Syndrome,  adreno -cortical,  105,  361. 
— ,  adreno -genital,  361. 

— ,  Bardet-Biedl,  130. 

— ,  Burnier’s,  128. 

— ,  Cushing’s,  104. 

— ,  Fraga’s,  353. 

— ,  Frohlich’s,  78,  123. 

— ,  Hand-Schuller-Christian,  139. 

— ,  Laurence-Moon-Biedl,  129. 

— ,  Neurath-Cushing,  127. 

— ,  osteodermopathique,  93. 

— ,  pineal,  467. 

— ,  polyglandular,  33 
Syphilis,  Addison’s  disease  associated 
with,  344. 

—  as  cause  of  Riedel’s  disease,  270. 
— ,  congenital,  of  adrenals,  383. 

—  in  relation  to  toxic  goitre,  222. 

—  of  parathyroids,  284. 

—  of  pineal  body,  464. 

— •  of  pituitary,  137. 

—  of  thymus,  congenital,  448. 

—  of  thyroid,  273. 

Syringomyelia  associated  with  acro¬ 
megaly,  102. 

Taboos  in  relation  to  organotherapy, 

5. 

Tachycardia  strumosa  exophthalmica, 
208. 

Takamine’s  and  Aldrich’s  isolation  of 
adrenaline,  321. 

Teeth  in  acromegaly,  92. 

—  cretinism,  168. 

Teratoids,  autochthonous,  116. 
Teratomas  of  ovary,  412. 

— -  of  pineal  body,  462,  464. 

—  of  testicle,  394. 

—  of  thymus,  444. 

Testa,  Antonio,  on  association  of 
prominent  eyes  and  cardiac  dis¬ 
order,  211. 

Testes,  385-98. 

— ,  anatomy,  385. 

—  and  ovaries,  parallelisms  in  de¬ 
velopment,  385. 

— ,  atrophy  of,  in  Addison’s  disease, 
346. 

— ,  — ,  in  chromophobe  adenomas, 
132. 

— ,  — ,  in  Cushing’s  syndrome,  107. 
— ,  descent  of,  385. 

— ,  development  of,  385. 

— ,  ectopic,  388. 

— ,  grafting  of,  effects  of,  390,  394. 
— ,  histology,  386. 

—  in  dystrophia  adiposo -genitalis, 
127. 

— ,  internal  secretions  of,  391. 

— ,  interstitial  cells  of,  387. 
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Testes,  interstitial  cells  of,  the 
‘puberty  gland’,  461. 

— ,  primary  malignant  tumours  of, 
395. 

— ,  tumours  of,  394. 

— ,  — ,  classification  of,  395,  396. 

— ,  — ,  diagnosis,  397. 

Testicular  adenoma  of  ovary,  409. 

—  extract,  Brown-Sequard  on,  28. 
- ,  effects  of,  392. 

Tests  of  pregnancy,  403. 

—  for  sugar  in  urine,  434. 

Tetania  strumipriva,  280. 

Tetany,  285-90. 

— ,  aetiology,  286,  287. 

—  after  thyroidectomy,  206. 

—  associated  with  osteitis  fibrosa 
cystica,  297. 

- rickets,  288. 

— ,  clinical  picture,  287. 

— ,  differential  diagnosis,  288. 

— ,  endemic,  in  goitrous  areas,  287. 

—  following  parathyroidectomy,  286. 
— ,  historical  account  of,  285. 

—  in  toxic  goitre,  241. 

— ,  pathogeny,  286. 

— ,  treatment,  288. 

Tethelin,  59. 

Theca-lutein  cysts,  409. 

Theelin,  62,  403. 

—  in  toxic  goitre,  255. 

Thelykinin,  403. 

Thermostomia,  177. 

Thesauriomosis,  139. 

Thrombo -angiitis  obliterans,  hyper- 
adrenalism  in  relation  to,  360. 
Thymectomy,  experimental,  results 
of,  441. 

—  for  toxic  goitre,  226,  257. 

Thymic  asthma,  446. 

- ,  clinical  picture,  446. 

—  death,  446. 

Thymitis,  acute,  449. 
Thymoblastoma,  Hassall’s,  445. 
Thymocrescin,  442. 

Thymoma,  444. 

Thymus,  435-50. 

— ,  absence  of,  congenital,  448. 

— ,  accessory,  437. 

— ,  anatomy,  438. 

—  and  adrenal  cortex,  329. 

—  and  gonads,  relations  between, 
443. 

—  and  thyroid,  relations  between, 
156. 

—  as  aetiological  factor  in  toxic 
goitre,  226. 

—  at  different  ages,  439. 

—  changes  in  cretinism,  167. 

- in  toxic  goitre,  232. 


Thymus,  congenital  syphilis  of,  448. 
— ,  embryology,  436. 

— ,  enlargement  of,  after  castration, 
443. 

— ,  — ,  —  hypophysectomy,  442. 

— ,  — ,  in  acromegaly,  91. 

■ — ,  — ,  in  chromophobe  pituitary 
adenomas,  132. 

— ,  — ,  in  different  diseases,  232. 

— ,  haemorrhagic  cysts  of,  449. 

— ,  histology,  438. 

— ,  historical  account  of,  435. 

—  in  Frohlich’s  syndrome,  127. 

• —  in  leukaemia,  449. 

- —  in  mongolism,  487. 

—  in  mumps,  449. 

—  in  myxoedema,  182. 

— ,  innocent  tumours  of,  444. 

— ,  malignant  growths  of,  444. 

—  medication  in  toxic  goitre,  255. 

— ,  nomenclature,  435. 

- — ,  parathyroid  tissue  in,  278,  436. 
— ,  persistent,  in  cretins,  167. 

— ,  — ,  in  Cushing’s  syndrome,  107. 

- — ,  physiology,  440. 

- — ,  tuberculosis,  449. 

- — ,  tumours  of,  444. 

— ,  — ,  clinical  picture,  445. 

— ,  — ,  treatment  of,  445. 
Thyreo-iodin,  153. 

Thyro -glossal  duct,  persistent,  144. 
Thyroid,  142-274. 

— ,  actinomycosis  of,  274. 

■ — ,  acute  inflammation  of,  269. 

—  addiction,  191,  268. 

—  adenomas,  199. 

— ,  adrenal  cortex  in  relation  to,  326, 
328. 

- — ,  anatomy,  145. 

—  and  gonads,  relation  between,  155, 
156. 

—  and  pituitary,  relation  between, 

68,  155. 

—  and  thymus,  relation  between,  156. 

—  apoplexy,  200. 

- —  atrophy  in  myxoedema,  181. 

— ,  blood-supply,  145,  146. 

—  cachexia,  208. 

— ,  carcinoma  of,  263. 

- — ,  — ,  following  on  adenoma,  203. 

— ,  — ,  forms  of,  263. 

— ,  — ,  metastases  of,  263,  264. 

—  changes  in  acromegaly,  91. 

- in  Addison’s  disease,  345. 

- in  Frohlich’s  syndrome,  126. 

- in  toxic  goitre,  220. 

— ,  colloid  of,  at  different  stages,  143, 
144. 

— ,  — ,  views  on,  146. 

—  diathesis,  220. 
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Thyroid,  diseases  of,  268. 

— ,  early  views  as  to  function,  19. 

; — ,  embryology,  143. 

—  enlargement  during  menstruation 
and  pregnancy,  260,  261. 

- in  toxic  goitre,  228,  238. 

—  extract  in  myxoedema,  190,  191. 
- in  toxic  goitre,  254. 

— ,  fibroma  of,  259. 

— ,  function,  153. 

- — ,  — ,  vascular  shunt  hypothesis  of, 
150. 

—  grafting  in  cretinism,  171. 

- in  myxoedema,  190. 

— ,  — ,  results  of,  29. 

— ,  gumma  of,  273. 

- — ,  histology,  146. 

— ,  historical  account  of,  142. 

—  hormone  antagonistic  to  insulin, 
423. 

- ,  a  single  one,  152. 

— ,  hydatid  cysts  of,  274. 

—  hypertrophy  after  thymectomy, 
442. 

—  hypothesis  of  cause  of  toxic  goitre, 
224. 

—  in  mongolism,  487. 

—  in  myxoedema,  181. 

—  in  old  age,  147,  148. 

■ — -  in  relation  to  anterior  pituitary, 
3. 

- to  iodine  metabolism,  153. 

— -  in  toxic  goitre,  histology  of,  229. 

- — - ,  morbid  anatomy,  228. 

- —  in  treatment  of  goitre,  205. 

—  infantilism,  188,  189. 

—  influence  on  ossification,  59. 

- — ,  innocent  tumours  of,  259. 

- —  involution  after  removal  of  gonads, 
156. 

- — ,  lingual,  cancer  in,  261. 

— ,  — ,  cretinism  associated  with,  261. 
- — ,  — ,  tumours  in,  260,  261. 

— ,  lymphadenoma  of,  273. 

— ,  lymphatics  of,  146. 

— ,  malignant  emboli  in,  266. 

— ,  —  tumours  of,  clinical  picture, 
265. 

— , - ,  diagnosis,  265. 

— , - ,  primary,  262. 

— , - ,  — ,  incidence  of,  262. 

— , - ,  prognosis,  265. 

— , - ,  treatment,  265. 

- —  medication,  danger  of  overdosage, 
192. 

- in  cretinism,  170,  171. 

— ,  metabolic  function  of,  153,  154. 
— ,  metastases  in,  266. 

— ,  miliary  tuberculosis  of,  272. 

— ,  nerve-supply,  146. 


Thyroid,  over-activity  of,  30. 

— ,  parathyroids  and,  relations 
between,  148,  156. 

— ,  physiology,  149. 

— ,  — ,  historical  account  of,  149. 

—  preparations,  physiological  activi¬ 
ties  of,  154. 

- ,  standardization  of,  154. 

— ,  primary  malignant  disease  of,  181, 

231,  262. 

— ,  pyramidal  lobe  of,  145. 

— ,  sarcoma  of,  262. 

— ,  secondary  growths  in,  231. 

—  secretion,  146,  147. 

—  — ,  abnormal,  in  toxic  goitre, 
225. 

—  — ,  early  views  on,  15. 

- inhibitory  to  oestrus,  156. 

—  - — ,  method  of  passage  of,  into 
circulation,  147. 

— ,  suppuration  in,  202. 

— ,  syphilis  of,  273. 

— ,  teratoma  of,  260. 

—  tissue  in  ovarian  tumours,  412. 

—  treatment  causing  glycosuria,  186. 
- -of  myxoedema,  introduction  of, 

29,  30. 

— ,  trypanosomiasis  of,  269. 

— ,  tuberculosis  of,  271,  272. 
Thyroid-catechin  in  treatment  of 
toxic  goitre,  252,  254. 

Thyroidea  ima  artery,  146. 
Thyroidectomy  cells,  61. 

— ,  early  experimental,  150,  151. 

— , - ,  results  of,  19. 

— ,  effect  of,  on  metabolism,  155. 

— ,  — ,  on  pituitary,  71,  72. 

— ,  experimental,  Astley  Cooper  and, 
150. 

— ,  the  first,  206. 

—  for  toxic  goitre,  255. 

— ,  mortality  of,  256. 

— ,  results  of,  241. 

— ,  sub-total,  in  toxic  goitre,  bene¬ 
ficial  results  of,  246,  253,  256. 

— ,  total,  effect  of,  on  heart,  246. 

— ,  — ,  for  diabetes  mellitus,  434. 
Thyroidism,  30. 

Thyroiditis,  269. 

— ,  Riedel’s  ligneous,  181,  270. 

— ,  suppurative,  269. 

Thyroids,  aberrant,  over-activity  of, 
231. 

— ,  accessory  and  aberrant,  148,  149. 
— ,  —  —  — ,  confused  with  para¬ 
thyroids,  148. 

— , - ,  tumours  arising  in,  260. 

— ,  — ,  goitre  arising  in,  201. 

— ,  intrathotacic  aberrant,  tumours 
of,  261,  262. 
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Thyroids,  lateral  aberrant,  tendency  of, 
to  malignant  papillary  change,  26 1 . 

— } - tumours  in,  261. 

— ,  lingual,  149. 

■ — ,  — ,  tumours  of,  surgical  removal 
of,  261. 

Thyro-stimulin,  60. 

Thyrotoxic  crises,  241. 

—  heart,  238,  239. 

Thyrotoxicosis,  209. 

—  in  carriers  of  nodular  goitre,  202. 
Thyrotropic  hormone  of  anterior 

pituitary,  3,  60,  100. 
- ,  influence  of,  on  meta¬ 
bolism,  61,  62. 

- ,  inhibitory  substance 

to,  61. 

Thyroxine,  153. 

— ,  action  of,  on  sympathetic,  98. 

— ,  activity  of,  154,  155. 

— ,  adrenal  cortex  and,  326. 

—  in  relation  to  exophthalmos,  236. 

—  in  treatment  of  myxoedema,  191. 

—  inhibitory  of  thyrotropic  hormone 
of  pituitary,  243. 

— ,  role  of,  in  toxic  goitre,  225. 
Thyroxy-indole,  153. 

Tonephin,  69. 

Tongue,  enlargement  of,  in  acrome¬ 
galy,  93. 

—  in  cretinism,  168. 

—  in  mongolism,  448. 

Topolanski’s  sign  in  toxic  goitre,  238. 
Totemism  in  relation  to  organo¬ 
therapy,  5. 

Toxic  goitre,  208 ;  and  see  under 
Goitre. 

Trachea  in  goitre,  sabre-sheath,  201. 
— ,  pressure  on,  by  malignant  thyroid 
tumour,  262,  265. 

— ,  — ,  by  parathyroid  tumour,  291. 
— ,  — ,  in  goitre,  201. 

— ,  — ,  in  Riedel’s  disease,  270. 
Trauma  as  causal  factor  in  teratomas 
of  testis,  394. 

—  in  relation  to  acromegaly,  94. 
Tremor  in  hypoglycaemia,  428. 

—  in  toxic  goitre,  240. 

Trident  hand  in  achondroplasia,  491. 
Trommer’s  test,  434. 
Trophoblastomas,  417. 

Trousseau  on  Addison’s  disease,  338. 

—  on  tetany,  285,  286. 

—  on  toxic  goitre,  218. 

Trousseau’s  sign,  285,  286. 
Trypanosomiasis  of  thyroid,  269. 
Trypsin,  isolation  of,  423. 

Tuber  cinereum,  anatomical  relations 
of,  with  pituitary,  57. 

- ,  lesions  of,  effect  of,  57. 


Tuberculosis  in  relation  to  toxic 
goitre,  221. 

—  of  adrenals  in  Addison’s  disease, 
343,  351,  352. 

—  of  parathyroids,  284. 

—  of  pituitary,  136,  137. 

—  of  thymus,  449. 

—  of  thyroid,  271,  272. 

Tumeurs  perlees,  115. 

Tumour  formation,  pituitary  growth 
hormone  in  relation  to,  59. 

Tyronorman  in  treatment  of  toxic 
goitre,  252,  254. 

Tyson,  Edward,  biography  of,  456-7. 

Umbilical  hernia  in  cretinism,  169. 

- in  mongolism,  487. 

Unicorn  horn,  9. 

Urinary  symptoms  in  acromegaly,  98. 

Urine,  diabetic,  430,  431. 

— ,  hormones  in,  391,  392,  402,  403, 
404. 

—  in  Addison’s  disease,  351. 

—  in  diabetes  insipidus,  135. 

—  of  males,  oestrin  in,  405. 

—  of  pregnancy,  gonadotropic  prin¬ 
ciple  in,  62. 

Ursinus  on  use  of  animal  prepara¬ 
tions,  7. 

Uterine  muscle,  effect  of  pituitary  on, 
69. 

Uterus,  decidual  changes  in,  in  extra- 
uterine  chorion-epithelioma,  417. 

— ,  effect  of  over-oestrin  stimulation 
on,  408. 

— ,  sensitivity  of,  to  oxytocin,  69. 

—  sensitized  for  implantation  by 
corpus  luteum  hormone,  406. 

Vagabond’s  disease,  339,  353. 

Vagotonine,  424. 

—  inhibitory  of  adrenaline  secretion, 
323. 

Vagus  stimulation  in  tumour  of  caro¬ 
tid  body,  473. 

—  substance,  35,  36. 

Valerian  in  diabetes  insipidus,  135. 

Valsalva  on  the  adrenals,  15,  306, 
317. 

Varicose  veins  in  acromegaly,  97. 

‘Vascular  shunt  ’  hypothesis  of  thyroid 
function,  42,  150. 

Vaso -dilatation  in  toxic  goitre,  239. 

Vasopressin,  68,  69. 

— ,  causing  hyperglycaemia,  71. 

— ,  increased  secretion  of,  in  Cush¬ 
ing’s  syndrome,  108. 

Vaso-pressor  substances  in  pancreas, 
424. 

Vater  on  the  lingual  duct,  144. 
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Velasquez’s  painting  of  achondro- 
plasiac  dwarf,  490. 

—  painting  of  cretin  dwarf,  158,  159. 

Ventricle,  third,  in  relation  to  poly¬ 
uria,  134. 

Vercelloni  on  the  thyroid,  142. 

Vesalius  on  the  ovary,  399. 

—  on  the  pituitary,  42. 

—  on  the  thyroid,  142. 

Vicary,  Thomas,  on  use  of  organic 
remedies,  7. 

Virchow  on  cause  of  cretinism,  160. 

—  on  histology  of  thyroid,  146. 

Virilism,  adrenal,  361 ;  and  see  Adreno¬ 
cortical  syndrome. 

— ,  adrenal  cortex  in  relation  to,  328. 

—  in  adrenal  hyperplasia  and 
tumours,  326,  327. 

Vision,  field  of,  restriction  of,  in  toxic 
goitre,  236. 

Vitamin  A  antagonistic  to  thyroxine, 
252. 

—  D  and  calcium  metabolism,  281. 

—  D,  parathormone  compared  with, 
281. 

—  D,  properties  of,  251. 

—  deficiency  as  causal  factor  in  goitre, 
197. 

Vitamins,  39,  40. 

— ,  action  of,  40. 

—  and  hormones,  relations  between, 
40. 

— ,  historical  account  of,  39,  40. 

—  in  relation  to  therapy  of  tetany, 
288,  289. 

Vitiligo  in  toxic  goitre,  245. 

Voice,  deepened,  in  acromegaly,  95. 

- —  in  myxoedema,  184. 

Voronoff  on  testicular  grafting,  394. 

Vulpian  on  adrenals,  20,  313. 

Walshe,  W.  H.,  on  exophthalmic 
goitre,  217. 

Water  metabolism,  centre  for,  135. 

—  retention  in  myxoedema,  186. 

Water-supply  in  relation  to  aetiology 

of  goitre,  196,  197. 

Watney,  Herbert,  biography  of,  438. 

Watson,  P.  H.,  a  pioneer  of  thyroid¬ 
ectomy,  206. 

Weber,  F.  P.,  on  adreno -cortical  syn¬ 
drome,  362. 

- — ,  — ,  on  bull-dog  scalp,  92. 
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Weber,  F.  P.,  on  Cushing’s  syndrome, 
106. 

— ,  — ,  on  lipodystrophia  progressiva, 
482. 

Welsh’s  cells  in  parathyroids,  279. 
Wharton,  T.,  142. 

— ,  — ,  on  the  adrenals,  301,  316. 

— ,  — ,  on  the  pituitary,  42. 

— ,  — ,  on  thyroid  function,  142. 
Wiiks,  Samuel,  biography  of,  335. 

—  , — ,  on  Addison’s  disease,  332,  340. 
Williamson  and  Pearse’s  description 

of  goitre,  198. 

Willis,  Thomas,  biography  of,  12,  13. 
— ,  — ,  on  diabetic  urine,  430. 

— ,  — ,  on  pineal  body,  451. 

— ,  — ,  on  the  pituitary,  43. 

Wirsung  on  the  pancreas,  419. 
Wolfler,  A.,  on  histology  of  thyroid, 
146. 

Wolffian  body  and  duct,  develop¬ 
mental  changes  of,  386,  389,  401. 

—  duct  remnants,  386. 

—  remains  as  origin  of  adrenal 
tumours,  372,  374. 

Xanthomatosis,  pituitary  in,  138,  139. 
X-ray  appearances  in  dystrophia 
adiposo -genitalis,  128. 

—  myxoedema,  180. 

—  treatment  of  acromegaly,  103. 

- of  Addison’s  disease,  357. 

- of  goitre,  206. 

- of  malignant  tumours  of  thyroid, 

266. 

- of  osteitis  fibrosa  cystica,  299. 

- of  ovarian  seminomas,  415. 

- of  pituitary  for  toxic  goitre,  257, 

- of  testicular  tumours  and  their 

metastases,  396. 

- of  thymus  for  toxic  goitre,  258. 

- of  thyroid  for  toxic  goitre,  257. 

- of  tumours  of  thymus,  445. 

X-rays,  effects  of,  on  cells  of  testis, 
387. 

Yohimbine  group  of  alkaloids  in  rela¬ 
tion  to  para-Basedowism,  250,  254. 

Zondek,  H.,  vi. 

Zondek- Aschheim  test,  403. 

- ,  experimental  basis  of,  62, 

63;  and  see  Aschheim-Zondek  test. 
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